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FOREWORD

This document is Part I of a two-part document on Emergency Warning Systems
and is prepared for the Federal Emergency Management Agency (FEMA) and the
Nuclear Regulatory Commission. Part I is a technical review of warning systems
as they apply to the nuclear and natural disaster situation and, in particular, to
nuclear emergencies in the 10-mile area around nuclear power plants. Data for
this review included information on warning systems from documents prepared for
various Federal agencies, information from test equipment manufacturers, and
from most of the major manufacturers of various warning systems. Part 11 contains
the guidelines for design and evaluation of warning systems.



EXECUTIVE SUMMARY

This document is Part I of a two-part report on Emergency Warning Systems. In

Part I, the major types of warning systems are reviewed for their applicability

toward nuclear power plant emergencies as well as nuclear attack or natural or

man-made disasters. The systems examined included fixed sirens, mobile sirens

(constituting the major portion of most warning systems), tone alert radios, power-

line modulation/carrier current, automatic telephone dialers/switching devices,

Decision Information Distribution System (DIDS, and National Warning

System (NA WAS).
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1.0 INTRODUCTION

This document is a technical review of a variety of warning systems that are, or

can be, used for warning the general population for three different conditions.

These conditions are:

* Natural disaster

* Nuclear attack

* Nuclear power station accident

The specific warning system types include:

* Fixed sirens

* Mobile sirens
* Automatic telephone dialers/switching equipment

* Modulated power line devices

" Tone alert radios

- Beepers/pagers
- NOAA/NWR service
- SCA (Broadcast FM subcarrier)
- Tone Alert (Plektron)

* DIDS (Decision Information Distribution System)

* NAWAS (National Warning System)

In addition to each of the warning systems listed, a separate section Is given con-

cerning encoders/decoders. These are devices that are used In some form in each

of these systems to allow the warning devices to be commanded on or off and to

perform other functions. They affect the security of a system by preventing false

or inaccurate activation and vary In complexity. They are Included since, In prac-

tice, the elimination of false activation is equivalent to system reliability. When a

system Is falsely activated it often is perceived as unreliable and, therefore, is an

Ineffective warning system.

I
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Included in this document are four appendices. Appendix A provides siren
manufacturers' specifications; Appendix B is a complete list of all NOAA radio
stations along with supporting details; Appendix C includes specific details of an
encoder and decoder used in a typical siren system; and Appendix 0 provides a
detailed technical discussion of sound propagation and the decibel rating scales.

This information contained herein will form the technical basis for evaluating
warning systems for a variety of conditions. It is intended to identify the opera-
tional and technical aspects of these systems and is a major reference document
for the evaluation of warning systems. The technical data herein has been
gathered from the major manufacturers of these warning systems. Other data
from technical references has been gathered and reviewed along with documents
that support the principal disciplines of these warning systems.



2.0 GENERAL DISCUSSION

The majority of present day warning systems, as used for warning the general

population, are most often based upon some type of sound emitting device; i.e.,
sirens, whistles, horns, public address systems, etc. The sirens, whistles, horns, and
public address systems emit a sound which is intended to be meaningful to the
Listener. This assumes that the listener knows what action to take based upon the
type and tone of the sound, as well as the duration of the sound. In most cases, the
sound means that either some action should be taken, such as return home, take
cover, evacuate, or a radio or television should be listened to for further instruc-
tions.

Other warning devices use radio receivers of some type that are applied in a par-
ticular manner to warn a person to take some action and also provide the capability
to give a specific message.

One major difference between the two warning system types just described (sound
and radio) is that radio devices find their application as individual or small area
warning devices, whereas sound types are applied on a geographical or area basis.
The second major difference is that radio devices are most efficiently applied
inside a home or building and sound devices are best suited for outdoor application.
In practice, these devices are used for both Indoor and outdoor warning. However,
their respective ranges are reduced.

Another method of describing these two systems is to consider a radio controlled
siren warning system. A practical example will have a central transmitter, such as
that belonging to the local police or fire departmen t, equipped with an encoder.
This device modulates the transmitter signal with a code. This code Is transmitted
and received by a receiver device which Interprets the code. The output from this
receiver Is then used to activate the siren. It Is at this point that the systems can
be divided. The receiver output circuit, Instead of activating the siren, could bei



designed to turn on a light or bell, or activate additional circuitry to provide a tone
to be followed by a voice message.

Of course, the siren, whistle or horn could be manually activated by a pushbutton
or turned on via electrical connections from ordinary telephone lines. Hence, the
telephone connection replaces the radio links and the telephone receiver is not a
normal handset, but is replaced by a device similar to the radio receiver. This
device interprets the command sent over the telephone lines (usually a tone or
combination of tones) and provides the appropriate output circuitry to activate the

siren.

Other methods of warning include various forms of telephone dialing/switching
which include parts of the DIDS and NAWAS systems and a method of sending/

receiving codes by modulation of the power lines on normal areawide power distri-
bution networks.

The operational and technical features of these warning systems just listed are

described in detail in the following sections and include:

* Sirens
- Fixed
- Mobile

0 Tone Alert Radio

* Automatic Telephone Daler/Switcher

* Modulated Power Lines Devices

* DIDS (Decision Information Distribution Systems)
* NAWAS (National Warning System)

it
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3.0 SIRENS

Sirens are considered by many as outdoor warning devices as a matter of technical
classification, yet in practice they serve as indoor and outdoor warning devices.
The effectiveness of a siren is limited as an indoor warning device versus an out-
door warning device relative to the area coverage. When compared to area cover-
age, ie., a siren outdoors might effectively warn people out to 7,500 feet from the
source and out to 4,000 feet for those Mnoors. In this sense, the siren in fact is
both an indoor and outdoor warning device. The major difference is that it is more
difficult to measure the effectiveness of the indoor warning capability than it is to
measure the outdoor warning capability. This is due to many factors such as:

0 Type of building design and construction
* Time of day (asleep versus awake)

0 Indoor activity such as music playing loudly or softly, etc.
* Time of year (ie., summer, windows open; winter, windows closed)

All of these factors are simply added to those affecting sound propagation outdoors
and include:

* Wind
0 Rain/Snow/FogV Humidity
* Temperature Inversion

* Foliage
*1 Topography

0 Ambient noise* I All of the above factors actually affect the amount of sound power that propagates
through the surrounding area. In other words, the sound power levels are atten-
uated by these factors and arrive at the listener's oar with a certain measurable
sound lee o hslevel of sound to be recognized by the listener, the frequency
of the sound must also be In the hearing range of frequencies of the human. This
range Is generally considered as being between a few hertz (cycles per second) up



to approximately 15,000 hertz for an average person. Typical siren frequencies
range between 300 to 1,250 hertz and can consist of one or several tones. A tone
here generally means a specific frequency such as 500 hertz, which is considered as
having a lower pitch on the musical scale than a 600 hertz tone. Thus, a dual-tone
siren may have 500 and 600 hertz tones. This capability is considered as having a
better "attention getting" capability than a single-tone siren. Of course a siren
tone is not a pure tone (i.e., exactly 500 hertz and only 500 hertz), but rather a
range of frequencies around a center frequency. This range can be referred to as
the band which may include those frequencies varying from 450 to 550 hertz. This
bandwidth Is therefore 100 hertz (from 450 to 550).

3.01 FIXED SIRENS - GENERAL DISCUSSION

3.01.01 Signals and T2=I

Sirens are designed to emit a sound. Their purpose generally is to alert people to
turn on either their radio or TV for further information or to act immediately,
depending upon the meaning of the siren signal. The classification of the type of
sound output of a siren is called the signal. The frequency of the sound is some-
times referred to as the tone. There are three basic siren signals as classified by
FEMA (formerly Defense Civil Preparedness Agency).

0 Alert
* Attack Warning
* Fire

The alert signal is usually a steady tone (frequency) or dual tone (two frequencies)
which may last for three minutes. Both tones are active for the entire time and
comprise the alert signalj

The attack warning Is a 3-minute wall; Ie., the sound or tone increases and
decreases uniformly.

II 6



Fire is considered as a steady high/low:o wailing high/low where the tone is a

more abrupt change from high to low and vice versa.

whatu sth to , these sgasndtermnigvydepending more upon

wha th loalcommunity is familiar with. For nuclear plant emergencies, the

signal for attack warning is left on for 3 to 5 minutes. Note that where sirens have

not been used locally and are then added for nuclear power plant warning, the

actual signal definition can vary and is generally dependent upon state and local

authorities to make the final determinations as to siren sound meaning. What does

apply in siren stituations is that if a siren is intended for more than just nuclear
plant emergencies (i.e., fire, tornado warning, etc.) it must have a multiple signal

capability. Also, existing sirens that are in current use for fires may not be easily

upgraded to perform the nuclear warning and therefore must generally be replaced

with a new siren with the added signal capability.

3.01.02 Siren Types (Functional)

There are two major siren types, fixed sirens and mobile sirens. Mobile sirens are

those generally associated with police, fire, and rescue vehicles, and are discussed

in Section 3.02. Fixed sirens are those that are mounted on poles, building roofs,
etc. and are used for a variety of warning functions. The manner in which the

siren output sound is produced is from either electromechanical means or elec-

tronically.

3.01.03 Electromechanical Sirens

An electromechanical siren might use an electrical motor with a rotor-stator

arrangement. Here the rotor Is attached to the shaft of the motor which rotates at

high speed, forcing air through the stator. This arangement produces the siren

sound. The stat:r design or baffal arrangements are used to vary the siren sound

and produce more than one tone (frequency). Another, similar method Is to use an

air compressor to force air through various stator/baffle arrangements to produce

the siren sounds.
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Electromechanical sirens are the most widely used siren types today and have been
in use since the early 1900's. Typical output power levels for these sirens range

from 85 to 135 dBC and all operate on conventional AC electrical power.

3.0 1.04 Electronic Sirens

Fixed electronic sirens produce their output sound similar to that of a public

address system except that a siren sound is produced. However, most electronic

sirens also have a public address capability. These sirens dif fer from electro-

mechanical sirens in that mechanical or rotating parts are not required. Sirens of

this type can be described as mostly solid state units and most are designed to

operate on batteries. In this case, heavy duty type (100 amp hour ratings or better)

batteries commonly found in trucks are used as primary power for these systems.

The electronic sirens produced in the last 3 years now have output power capabili-

ties equal to that of some electromechanical sirens. This has become possible with

the advances in the current carrying capacity of solid state amplifiers/drivers.

Most of the sirens in this catagory have output power levels ranging from 106 dBC

to 126 dBC.

3.01.05 Siren TDes (Physically)

Physically, there are two types of sirens, directional and non-directional. Direc-

* tional implies a siren with a single horn that is rotated. These sirens are generally

referred to as rotating directional. Sirens of this type usually have output power in

the 123 to 128 dBC range. The rate of rotation can be selected but is usually 3 to 4

revolutions per minute.

The coverage of a rotating directional siren is a function of the design of the siren
horn assembly. Nominal coverage Is a total beam width of 30 0 to 40 0 in the

horizontal plane. The vertical plane beam width is usually less than 300.

The non-directional siren Is often referred to as omni-directional and has a uniform

sound output on a 3600 horizontal plane. Most of these types, have a lower output

8



power capability than directional and have a smaller coverage area but, when used,

provide continuous sound power in a 3600 plane.

3.01.06 Output Power (Coverafe

Siren output power levels are rated as measured on the dBC scale at 100 feet from

the source. Most rotating directional sirens have output power levels from

123 dBC to 128 dBC. Omni-directional sirens operate from approximately 100 dBC
to 120 dBC. (Note that there are exceptions in each case.) To calculate effective

siren coverage, it is standard practice to assume that the siren sound level should
be approximately 9 dB to 10 dB above ambient background noise levels to be

noticeable to a preoccupied person. As a general rule of thumb, average rural

background noise levels are 50 dB or higher, while urban background noise is 60 dB

or higher. This means that the siren sound pressure level, to be noticeable in a

rural environment, should be at least 60 dB or higher; in the urban environment it

should be 70 dB or higher.

To calculate the siren coverage area, a 10 dB loss per distance doubled is a general

rule of thumb. For a siren with an output power level of 125 dBC, assume approxi-

mately a 5,000-foot radius coverage at 70 dBC. This, of course, assumes that the

siren is mounted above surrounding buildings (roof top) and is not obstructed in any

other manner. Also assume coverage is line of sight and that sound is attenuated

greater than 10 dB per distance doubled when interrupted by objects such as hills,

buildings, etc. This coverage is also affected by heavy foliage and severe weather

and wind. Upwind from a siren results in reduced coverage on windy days and

downwind is hardly affected and, in fact, can have an additive effect.

3.01.07 Input Power Requirements
.4

4. Input power requirements vary a great deal, especially between electronic sirens

and electromechanical sirens. Electronic sirens operate from batteries only;

usually two 12-volt batteries connected in series to derive 24 vdc. Hence, the

* primary power requirement for an electronic siren is 24 vdc at a nominal

I9



90 ampere operating current. These sirens cannot operate without batteries (24-
vdc power) and therefore have a maximum operating time dependent upon theI charge level and capacity of the batteries. For most electronic sirens, this is a
maximum of 30 minutes operating time. Most of these systems' batteries are con-

nected to a 1 15 VAC single-phase source battery charger which is used to keep the

batteries at full charge. However, the 113 VAC source cannot be used to operate

Electromechanical sirens, on the other hand, operate only from primary AC power

sources. This can range from 115 VAC single-phase up to 480 VAC 3-phase, depen-

dent upon the power requirements of the motors used in the siren. The power

requirements for those sirens in the 115 dBC range and higher is greater than that

found in a typical house outlet. For example 115 VAC single-phase systems may

require more than 150 amps for initial starting current. In fact, the more powerful

electromechanical sirens operate more efficiently on 3-phase AC power since

starting and operating currents are high. This also results in a greater possiblity

that the power requirements for a siren in a remote area cannot be met with the
existing power dist.-ibution networks and requires additional power lines to accom-

modate such Installations. Furthermore, since the operating currents are high and

the unit operates on AC voltages, these sirens cannot be operated from commer-

cially available batteries. Consequently, most electromechanical sirens are subject

to those problems associated with power outages. Backup power for most electro-

mechanical sirens would require a motor generator type of arrangement due to the
power requirements that cannot be satisfied by batteries.

3.01.08 Siren Activation

Siren activation Is accomplished in several ways including:

9 Direct electrical or mechanical switches

* Via telephone lines

* Radio transmissionI
* Programmed timers

* Combinations of the above

10



The most economical method for large siren systems, such as those around nuclear
power plants, is radio activation. This is a very flexible type of system where more1 than one center can activate the sirens and it can be done on a selective basis by
using coded signals in the transmission-reception process or on a group basis where
all or a group of sirens are activated.

The transmitter for this type of activation is usually the local police, fire, rescue,
or local government frequency. The actual piece of equipment attached to the
transmitter is the encoder. Encoder implies that a code is modulated on to the
transmitted signal. The receiver at the siren includes the decoder and is pre-
assigned to a specific code or address. (Refer to the Encoder/Decoder Section.)

Direct activation is accomplished usually by a pushbutton or toggle switch. The
duration of the siren output is usually controlled by a timer. In practice, just about
any method can be used for system activation and the system size and operational
requirements, in effect, dictate the activation methods.

3.01.09 Siren Coverage

Siren coverage for any particular siren is determined by many factors, most of-
which are related to the principals of sound propagation and the ability of the
human ear to detect such siren sounds. Extensive research in this area has been
performed. As a result of this research, a document entitled "Outdoor Warning
Systems Guide" by Bolt, Beranek and Newman, Inc., has been published under a
contract funded by the federal government.

This document has effectively produced guidelines for determining sound propaga-
tion characteristics which are used extensively by siren manufacturers, consul-
tants, and engineering firms engaged in the design and installation of siren warning

* systems. There are other documents as well, that provide principles for sound
propogatlon and measurement. Appendix D, Included here, contains Chapter 2,
"The Physical Properties of Noise" from the document entitled "Acoustic Noise
Measurements," by Bruel and Kjaer, 3anuary 1979. This document, In principal,
agrees with the "Outdoor Warning System Guide." From these documents the



"rules of thumb" that can be applied to siren coverage/sound propagation are as

follows:

(1) Theoretically, as sound travels, 6 decibels of signal loss is incurred
for each doubling of distance. In practice, where many obstacles
serve to attenuate sound propagation, assume a 10 decibel signal loss
for each distance doubled.

(2) A sound gets the attention of the listener when it is $ to 10 decibels
above the background (ambient) noise level.

(3) Average background noise levels in a rural type environment may be
as low as 50 decibels; In an urban/city type environment, 60 decibels.
However, generally those levels vary and more often are higher than
50 and 60 decibels.

(4) On average, the largest contributor to background noise levels is
automotive traffic and other transportation systems.

(3) Assume that sound travels in a direct line (line of sight) and therefore
siren coverage cannot be expected to be effective in valleys and
around mountains.

(6) Adverse weather, especially wind, affects siren coverage.

(7) Mount sirens above tree tops and building tops for best coverge.
(Note mounting a siren on mountain or hill tops does not provide
coverage to surrounding valleys unless the siren is so directed.)

The following table shows the typical siren coverage of a 125 dBC siren using the

above guidelines:

Initial Output
Power Level Distance from Siren Power Level

(dBC) (feet) (dB)

123 to0 123
125 200 115
125 400 105
125 30 95
125 1,200 90
125 1,600 85
123 2,400 80
125 3,200 75
125 4,800 70
125 6,400 65
125 9,600 60

.12
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The previous example shows the 10 dB loss per distance doubled which is a general
design guideline. There are further refinements to this depending upon whether the

area is rural or urban. Basically, rural area background noise levels are nominally
50 dB to 60 dB and 60 dB and higher for urban areas. This translates to 70 dB or
4,800 feet radius circles for a background noise level of 60 dB. Other factors, such
as buildings and mountains, must then be accounted for to finalize siren design
coverage.

3.01.10 Siren Manufacturers

There are four major siren manufacturers in the United States and one West
Germany firm that recently opened an office in California. The United States
firms include:

* Alerting Communications of America; a division of Biersach and
Niedermeyer Co., Mequon, Wisconsin

* Federal Signal Corporation, Blue bsland, Illinois

* Sentry, Canon City, Colorado

0 Whelen Engineering Co., Deep River, Connecticut

The West Germany firm opening an office in California is Raytek Inc., which is
part of the Hoerman Group. As of July 1983, their sirens can be purchased from

West Germany.

The above-listed United States firms are known to have installed or are Installing
sirens at various nuclear plants. A complete list of ali sirens manufactured by the
U.S. firms are given in the following tables and Includes technical specifications
for each. Table I lists siren model numbers by manufacturer In alphabetical order
and by type, and Table 2 lists all sirens In descending order of output power level.
The data sheets In Appendix A list the technical specifications Of each siren by
descending output power level for each of the four manufacturers listed above.
Refer to this list of tables for specific make and model number.

13



TABLE 1. SIRENS BY TYPE AND MANUFACTURER
IN DESCENDING OUTPUT POWER LEVEL ORDER

OMNI-DIRECTIONAL

Electromechanical

Manufacturer Output Model

A.C.A. 125 dBC Cyclone

A.C.A. 119 dBC Super Banshee

A.C.A. 116 dBC Banshee, single tone

A.C.A. 112 dBC Banshee, dual tone

A.C.A. 112 dBC Screamer S-10

A.C.A. 108 dBC Screamer S-7.5

A.C.A. 105 dBC Screamer S-5

A.C.A. 101 dBC Screamer S-2.5
Federal Signal 115 dBC STHIOA

Federal Signal 115 dBC STHIOB

Federal Signal 115 dBC STLIOA

Federal Signal 115 dBC STLIOB

Federal Signal 115 dBC 3T22A

Federal Signal 115 dBC 3T22B

Federal Signal 107 dBC 5A

Federal Signal 107 dBC 5B

Federal Signal 102 dBC 2

Sentry Siren 123 dBC IOV2T

Sentry Siren 123 dBC 10V2T-3S

Sentry Siren 115 dBC lov

Sentry Siren 112 dBC 5V

Sentry Siren 107 dBC 3V8

Electronic

A.C.A. 115 dBC Altertronlc 4000

Federal Signal 115 dBC SiraTone EOWS* 115

i " 14



Manufacturer augout Model

Whelen Engineering 115 dBC WS-2500
Whelen Engineering 112 dBC WS-2000-112
Whelen Engineering 109 dBC WS-2000-109

ROTATING-DIRECTIONAL

Electromechanical

A.C.A. 135 dBC Penetrator 50
A.C.A. 130 dBC Hurricane
A.C.A. 127 dBC Allertor
A.C.A. 125 dBC Penetrator 10
A.C.A. 123 dBC Howler
Federal Signal 127 dBC Thunderbolt 1000A
Federal Signal 127 dBC Thunderbolt 1000B
Federal Signal 125 dBC Thunderbolt 1000AT
Federal Signal 125 dBC Thunderbolt 1000BT
Federal Signal 125 dBC Thunderbolt 1003A
Federal Signal 125 dBC Thunderbolt 1003B
Federal Signal 123 dBC Thunderbolt 500A

Electronic

A.C.A. 125 dBC Aletronic 5000
Federal Signal 126 dBC SraTone EOWS*812
Federal Signal 124 dBC SiraTone EOWS*612
Federal Signal 122 dBC SiraTone EOWS*408
Whelen Engineering 115 dBC WS-2000R
Whelen Engineering 124 dBC WS-3000

CLOVERLEAF

Electromechanical

Sentry Siren 115 dBC MI0
Sentry Siren 112 dBC M5

7
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3.02 MOBILE SIRENS

Mobile sirens, for this discussion, 'are those used by police, fire, and rescue type
vehicles. These mobile sirens are often used in siren warning systems to supple-
ment the existing system where certain areas have a very low population density
and, as a result, it is not cost effective to place fixed sirens in such areas. Of
co~urse, mobile sirens have other warning applications and may serve as the primary
warning system in small populated areas and for areas such as recreational parks
where seasonal use of such areas makes a fixed siren system less cost effective.

There are several types of mobile sirens. A partial list includes those that have
full 3600 coverage; those that are directional with a beam directed forward, or to
the sides, or forward and rearward. Actually, the direction is a function of how the
siren is mounted and the most common mounting scheme is for forward sound
projection.

Mobile siren output power levels, on average, range from 100 to 116 dB at 6 or
10 feet. (Note that fixed sirens are rated at 100 feet.) Note, however, that this is
not a required standard but rather the common method used by several manu-
facturers.

In calculating mobile siren coverage, all the factors that affect fixed sirens must
be considered as well as the following:

* Vehicle speed - This affects the amount of time that the individual
Is exposed to the maximum sound and therefore may affect his/her
interpretation of what action to take.

* Directional/omni-directional - A forward directional siren giving
maximum coverage to the area in front of the vehicle may not be as
effective for warning individuals In a home compared to warning Indi-
viduals in vehicles on the road.

* Listener Interpretation - Mobile sirens are most often associated
with emergency vehicles requiring clearance an the roadway. Where
these sirens are used for warning Individuals for other purposes, a
public address capability is often required to make this warning
method effective.
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In the preceding paragraph, It is noted that mobile sirens, when used as a warning

device, very often require a public address capability. This is common to many
police and fire service vehicles and therefore is a prime consideration in deter-

mining the effectiveness of mobile sirens when used as warning devices for the
nuclear and natural disaster situations.

From a technical perspective, it can be shown that a mobile siren with a commonly

stated output power level of 115 dB cannot provide the same coverage as that of a

115 dB fixed siren (refer to Appendix D for dB scale comparisons). The following

list shows the expected output power levels from a mobile siren (directional and

omni-directional) In decibels.

Mobile Directional Siren Mobile Omni-Directional Siren
Sound *Expected Sound *Expected

Power Level Sound Power Level Power Level Sound Power Level
(dB) (Feet) (dB) (Feet)

115 10 115 6 0

105 20 105 12
95 40 95 24
85 80 85 48
75 160 75 96
65 320 65 192
55 640 55 384

*Assumes a 10 dB signal loss per distance doubled.
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4.0 TONE ALERT RADIO

There are a variety of radio devices that can be classified as tone alert radios.
Tone alert radio is defined here as a radio receiver that is electrically activated
but provides no visual or audible output until a code, unique to each radio, is
received. Upon reception of the proper code (also referred to as the address),
additional circuitry in the radio receiver is activated. Actuation of this additional

circuitry allows the radio to receive a message which can activate an audible tone
(hence the name tone alert), provide a voice message or a printed message, cause a
light to be turned on, or any combination of the above. Generally, the signal that
the radio receives is transmitted from a central point. That part of the signal that
"turns on" the radio receiver is a special code and the device that generates this
code is generally called an encoder. The encoder output, in fact, modulates the
transmitter with the code or address or other information. The encoder can be
compared to a microphone. A microphone translates a voice or music into an
electrical signal to modulate a transmitter whereas the encoder modulates an
address into a transmitted signal.

There are a variety of tone alert radio systems which vary slightly in the actual
method of signal transmissions and all are not true "tone alert" devices. Those
considered here include the following:

" Beepers/Paxers- These are probably the purest form of tone alert
radio. Beepers, also known as pagers, are generally used commerci-
ally as a device to alert a person to respond to a call. They are
battery operated, portable devices, often attached to a belt, etc., and
emit a high pitched tone audible to the person with the device. They
operate in a frequency band (range of frequencies) that is assigned by
the FCC for commercial use.

* NOAA Radio - NOAA Weather Radio is a service of the National
Oceanic and Atmospheric Administration (NOAA) of the U.S. Depart-
ment of Commerce. It provides continuous broadcasts of the latest
weather information directly from National Weather Service offices.
Taped weather messages are repeated every four to six minutes and
are routinely revised every one to three hours, or more frequently if
needed. Most of the stations operate 24 hours, daily.

The radio receivers for NOAA radio are commercially available in a
variety of stores selling electronic equipment. They can be pur-
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chased with a variety of options including that of a tone alert capa-
bility. This is especially useful to those who subscribe to this kind of
information since they may be interested only in severe weather
forecasts. Boaters, truckers, farmers, public safety officials, etc.
find this a valuable service as well as anyone who may wish to know
the latest weather forecast.

During severe weather National Weather Service forecasters can
interrupt the routine weather broadcasts and substitute special warn-
Ing messages. At this time, the forecasters can also activate speci-
ally designed warning receivers. The receivers either sound an alarm
indicating that an emergency exists, alerting the listener to turn the
receiver up to an audible volume; or, when operated in a muted mode,
are automatically turned on so that the warning message is heard.

The actual messages given are for the area covered by the radio
transmitter. There are approximately 360 NOAA stations currently
in operation. A complete list of these stations is found in Appen-
dix B. Their coverage area throughout the U.S. could reach approxi-
mately 90 percent of the population, assuming all have receivers.

* Tone Alert. (Plektron), Radio Tone Alert - Tone alert radios are
commonly used in public service areas. Most prominently are the
volunteer fire departments. Plektron, often used as a generic term,
is the brand name of one of the companies that manufacture tone
alert radio devices. Many other companies including General Elec-
tric, RCA, Motorola, Fisher-Pierce, as well as others, -manufacture
such units. These radios are most commonly found in the home using
conventional power, although battery back-up is common. They
usually provide a voice capability as well as an alerting tone or light
that is activated by the coded transmission. The voice capability is
often used to give a specific message to the user.

* FM Broadcast Subcarrier Technique - The FCC Subsidiary Communi-
cation Authorization (SCA) has allowed commercial and non-
commercial broadcast stations to transmit information on a sub-
carrier of the main FM broadcast signal. The most prominent use of
this technique is the transmission of background music, storecasting,
weather forecasts, etc. The FCC regulation requires that this serv-
ice be of interest to a portion of the public. It requires a specially
equipped radio that can properly demodulate the FM subcarrier and
often is a radio effectively tuned to only one station. Special cir-
cuitry is often added to these radios to allow for a standby mode or
muted mode of operation and is activated by a code or address. Units
of this type therefore could be used for the warning function.

The previous paragraphs provide an Introduction to the most common tone-alert

radios in operation. Each has its own special application which depends on a variety
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of factors including intended use, cost, system control, etc. Following is a descrip-

tion of the most important functional areas of these devices and where each of the

previously listed units are most effective.

4.02 TONE ALERT - GENERAL DISCUSSION

Tone alert radios perform many functions. The most important ones for this discus-

'1 sion include the warning and communications functions. However, the practical
use of these systems is restricted by various FCC rules and regulations as well as

other factors of local concern. These factors include the following:

* Functions Performed

* FCC Rules and Regulations

* Normal System Use

* Coverage/Frequencies Used

The systems to be discussed include:

* Beepers/Pagers 
4

* NOAA Radio

* Tone Alert (Plektron) Radio Tone Alert

* FM Broadcast

4.02.01 Beepers/Paxers

4.02.01.01 Functions Performed - Beepers or pagers most often serve as a

warning or alerting device by emitting a tone when the address of the unit Is

received. Units of this nature seldom provide a capability beyond a tone alert.

Their function, when activated serves to notify the person to perform a function,

e.g., call a number, alert others, etc. This function normally has been predeter-

mined so that the user "kcnows" what action to take when the tone Is heard.

Beepers (pagers) are often used by service personnel and security personnel who are

away from telephones or other communications devices and must be notified

immediately, regardless of their location.
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4.02.0 1.02 FCC Rules and Reptulations - The FCC rules and regulations for com-
mercial beepers and pagers do not restrict the use of these commercially available

devices- for warning purposes. The same applies to this identical service also pro-
vided by common carriers (telephone companies, etc.).

4.02.01.03 'Normal System Use - Beepers and pagers are generally used for paging
services which are provided by private companies or by telephone companies. The
user pays a monthly rental fee or can purchase the device. Each pager has a code
which activates it. This code is generally keyed to a specific telephone number
where the caller dials a telephone number corresponding to the person carrying the
device. More than one device could have the same number. Dialing the number
activates one or more centrally located transmitters which send out the coded
signal to activate the device. The system does not normally provide voice
messages and does not have two-way communications.

4.02.0 1.04 Coveraze and Freqiuencies Used - Commercial and common carrier
paging systems on average, provide for a nominal 40 miles radius coverage from
the transmitter. Operating frequencies can be any of those in the low band, high
band, or UHF band that are assigned to common carriers or to the Private Land
Mobile Services.

4.02.02 NOAA Weather Radio

4.02.02.01 Function Performed, - NOAA Weather Radio (NWR) provides "continu-
ous broadcasts of the latest weather information" directly from National Weather
Services offices. These messages are taped and repeated every 4 to 6 minutes.
This may be updated hourly, every 3 hours, or sooner, as required.

4.02.02.02 'FCC Rules and Regulations - There are seven frequencies assigned to
NWR and are government assigned frequencies. Generally, this means that the
user agency can use these frequencies as required without any additional restric-

tinsby theFCC.
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4.02.02.03 Normal System Use - The NWR broadcasts continuous weather infor-

mation. During severe weather conditions, the National Weather Service fore-

casters can interrupt the routine messages, activate the coded warning signal to

demute those receivers so equipped, and broadcast special warning messages. The

use of this system for broadcasting the warning of a nuclear attack as well as for

weather, has been established in a 3anuary 1975, White House policy statement.

Furthermore, agreement has been reached between NRC, FEMA, and NOAA
regarding the use of this service for warning around nuclear power plants. In this

case prerecorded messages can be established for various conditions, and broadcast

as required. Formal arrangements between NOAA and the local EOC and local

officials are then made to implement this aspect of the NOAA system.

4.02.02.04 Coveraze/Frequencies Used - Most NOAA radio stations operate on

frequencies of either 162.40, 162.475, or 162.55 MHz. Four other frequencies are

available for future use and include 162.425, 162.450, 162.50, and 162.525 MHz.

The coverage area for a typical station ranges to a nominal 40 mile radius. A

complete list of NOAA weather radio stations, their locations, and transmitter

output power levels is contained in Appendix B.

4.02.03 Tone Alert (Plektron) Radio Tone Alert

4.02.03.01 Function Performed - Typical radio tone alert devices operate in the

standby or muted condition. Reception of the proper code (address) activates the

device, usually emitting an attention-getting tone which is followed by a voice

message. The units can be portable battery-operated devices or operate from

conventional AC power (115 VAC). These units, almost always are a receive-only

device and are used to (a) alert a person to listen for a message to follow, or

(b) provide a capability to give explicit messages to one person or a group of

people, usually associated with emergency action procedures.

4.02.03.02 FCC Rules and Remulations - Tone alert radios are often found to

operate on police, fire, local government, forest service, and rescue service

frequencies. These frequencies may be those of the normal day-to-day operating
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channels of these agencies. However, since the radios are a receive-only device,
few restrictions are applied to such use. They operate in whatever band of fre-
quencies are assigned to the user agency.

4.02.03.03 'Normal System Use - Tone alert radios are often found in applicationsI for alerting volunteer firemen, certain public officials, heads of large public and
private institutions (hospitals, nursing homes) as well as many others. Control of
the tone alert system is dependent upon the agency issued the operating license
used by the system. Usually, the tone alert function is a secondary function of the
operating frequency since usage is limited to emergencies. Occassionally, other

agencies of the civil defense or disaster services type use frequencies assigned to
them for this purpose only. A typical volunteer fire system would have all

receivers assigned the same code so that all volunteers could be alerted simul-

taneously. By adding additional codes, other receivers could be added, expanding

system capability.

4.02.03.04 Coveraxe/Frequencies Used - Most tone alert devices use the already

assigned frequencies of the various public agencies listed above. These frequencies

therefore cover the entire range of frequencies assigned to such agencies including
those in the low-band, high-band, and UHF ranges. Typical average coverage areas
can range from 15 to 40 miles radius. Greater range may be accomplished when

transmitter repeaters are used.

4.02.04 FM Broadcast

4.02.04.01 Function Performed - Commercial FM broadcast stations could imple-

ment a tone-alert and voice warning capability with slight modifications to com-
mercially available equipment. Such equipment would be designed for this specific

* purpose.

4.02.04.02 FCC Rules and Reaulations - The FCC allows for FM broadcast

* stations to add subcarrlers to their 'regular main channel signal. The commission
states that those programs of a broadcast nature may be background MUSIC, store-



casting, detailed weather forecasting, special time signals, or other material of a
broadcast nature expressly designed and intended for business, professional, educa-

tional, trade, labor, agricultural, or other groups engaged in any lawful activity.1

4.02.04.03 Normal System Use - FM broadcast stations obviously provide the
entertainment, news and other services common to day-to-day AM and FM broad-
cast stations. The subcarrier modulation techniques are, in fact, common to those
subscribers (background music, storecasting, etc.) who use such services.

4.02.04.04 Coveraxe/Frequencies Used - System coverage is limited to that of the
FM broadcast station which is a nominal 40-60 mile radius from the transmitter.
The frequencies would include that of the FM broadcast band, (88.1 MHz to
107.9 MHz).

Al

lMcMarten SCA for FM Broadcast Stations. Leonard E. Hedbund, Vice President,
Research and Development, Mc Martn Industries, Inc., Omaha, Nebraska.
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5.0 AUTOMATIC TELEPHONE DIALERS

The use of automatic telephone dialers for warning individual personnel or the
general population can be implemented by a variety of equipment. However, first
the terms telephone dialer and automatic switching equipment will be defined, both
from a functional and technical point of view and from a generic point of view.

5.01 TELEPHONE DEFINITION

Dialing a telephone is a functional step taken by one person to contact another.
The dialing action serves to make a series of electrical connections via the switch-
ing equipment in the telephone exchange office. Obviously, the touch-tone type of
telephone completes the same circuits except for the dialing action. In this case
dialing is not done but rather the electrical connections are made by depressing
pushbutton switches (touch-tone switches). To automatically perform the same
procedures described above, an automatic telephone dialer could be attached to the
regular telephone. Commercially available units of this type are preset to "dial"
from I to 10 or more telephone numbers. Note that these numbers (or stations as
they are referred to by telephone companies) are dialed sequentially and only one
number can be dialed at a given time. Units Of thILS type find applications in
business offices where the dialers are preset to call (or dial) the most often used
numbers. These types of units have only limited capability as warning devices
since the number of stations to be called In emergencies may well exceed 100 or
more stations and the time to call one station requires almost the same amount of
time as manual operations.

5.02 AUTOMATIC SWITCHING EQUIPMENT

Automatic switching equipment, however, is comecallyalabeThsqup

ment connects directly to the telephone exchange equipment and can call 100,
1,000 or more stations simultaneously. Special ring conditions can be appied to
such equipment as well as tape recorded or manually entered voice messages.



So me manufact urers will refer to systems of this type as "multi-station ring down"
or a "hot line" system. In either case, the calling party has only to lift the handset

to initiate a call or warning, depending upon the configuration.

Typical applications for telephone systems of this type may include the following:I Fire warning for high rise buildings
* Industrial accident warning in or around chemical and nuclear facili-

ties

* Weather warning

* Emergency warning/evacuation in small communities and remote
areas where outdoor warning systems might not be effective

These systems make use of the existing telephone equipment installed in the house
or business place and do not require any special installation or hookup in such
areas. Most all equipment installation is performed at the telephone company's
central office where switching equipment, or PBX switching equipment, is located.

Note: PBX is an abbreviation for Private Branch Exchange and refers to
telephone equipment which may be located on the premises of a business,
etc. It may be owned or leased from a public or private telephone company.
Telephone trunk lines connect the PBX to the telephone company switching
equipment.

Many of the systems installed may be operated one-way (listen only), two-way
(listen and talk), or may include a special ring for alerting purposes in addition to
the above. The variety of ringing combinations varies from one company to
another. However, these systems may be set to ring the receiving telephone In the
normal manner or to let It ring contlnuously or provide a special ring. Special rings
often used may include %~ seconds on and 2 seconds off, continuous ringing, or
various other combinations as required.

How the ringing Is Initiated Is of course a function of how the system is Installed.

Following Is an example of a typical telephone alerting system.
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Assume a system used for alerting 100 stations or locations where the central

control for the system is located in the dispatcher's office of a county police and

fire department. The stations (location) for those on the system include all of the

volunteer fire fighters (40 for example), all police (40), and all local government

of ficals (20; town mayor, county commissioners, fire and police chiefs, etc.). Such

a system, being controlled from the dispatch center, would have a sectional capa-

bility to alert and provide a message to only the volunteer fire fighters or the

police or the public officials or any combination of the above. In addition the

system could be designed to provide one-way only (alert and voice message) to the

fire and police yet provide two-way communications with the public officials. In

any of the alerting situations, the dispatcher might lift a phone handset, depress a

few switches, and immediately alert those desired within a minute or less. Of

course other features can be added. In cases where the telephone is in use for daily

business, features such as providing a special ring to the user that an emergency

message is emminent can be easily implemented. Conference call capability can

also be added. In addition, at the station end, instead of a regular telephone, a 4

device to decode the warning can be added which in turn might activate a bell,

siren, horn, etc.
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6.0 MODULATED POWER LINES

Power lines used for distribution of electrical power carry a variety of voltage and

current levels. This power originates at the power station and is sent to various
substations where transformers reduce the voltage levels to that suitable for local

distribution. Local distribution transformers are used to bring the sub-station volt-

age levels down further to those levels required for domestic use. These levels are
the common 115 to 230 volts AC found at electrical outlets in a typical home. The

sequence described above is the normal method used for power distribution. How-

evert the power lines can also be used to transmit information by applying a fre-

quency, known as a carrier, to the power line and then to modulate this carrier.

Modulation in this instance is, in fact, the addition of data or information to a

steady frequency or carrier. Extracting this information is known as demodulation.
The information at the receiver (demodulator) is then used to perform a function

such as turn on a water heater, activate a transmitter to read the meter, ring a

bell, etc.

The process described above is a simplified description of a warning technique

termed the Distribution Line Carrier System that Is currently in use by the West-

inghouse Corporation.

Actually, this power line modulation technique was developed many years ago to be

used In applications such as power line meter reading, water heater control, etc.

However, a variety of technical problems werki not solved until recently. One of

those problems concerned the amount of electrical noise inherent in a power distri-

bution system; others included the signal losses incurred when power transformers

were on line, as well as many other technical problems that affected reliable data

transmission. Problems such as these affect the transmission and reception of the

signals and therefore the ability to properly demodulate (correctly Identify the

.4 coded signals) and respond to the signals. In any case, this modulated signal Is used

to perform a function. Note that tis system Is, effectively, a two-way communi-

cations system with the capability to perform a function based upon the make-up

(In tis case data pattern) of the modulated signals.



The carrier frequencies used may vary from system to system and may nominally
range from 10kHz to 60kHz. Usually, testing is required on the actual power
distribution system to select the best frequency range for the carrier and to keep
the data error rates to acceptable levels (98 percent or better).

Modulation of the carrier is handled by a centrally located computer with standard
communications devices. This allows for rapidly sending and receiving data auto-
matically to many users (several thousand), and easily allows for a variety of
message formats. Systems of this type can actually perform as a warning system
as well as a meter reading device, a control device, etc. Note that control for
warning systems is accomplished by providing a contact closure at the electrical
meter which is connected to a horn or small siren. A contact closure is the
electrical equivalent of a switch. Once the closure (usually a relay contact) is
made, the device is turned on. The device is turned off by the proper transmission
of a different signal pattern.

Where meter readings are taken, the meter has a transmitter capability, and there-
fore a modulation capability. The proper signal is sent from the central computer;
received and demodulated (recognized) at the meter. The meter then modulates
the carrier that It transmits. This modulation is the data representing the meter's
condition or reading at that time. This is read (demodulated) at the computer and
used as required.

A variety of special equipment is required for such systems In addition to the
central computer and communications equipment. This equipment may include
carrier repeaters, special capacitors at substations and devices to put the carrier
signals onto and off the power line. In this case, electronic equipment that Isolates
Onpwr(ih otg)fo the relatively low level carrier signals serves to

preentpoer eakgeproblems adpresent the proper electrical interface condi-

Insalltio ofthi tye o sytemrequires special testing procedures that are not
required for other types of warning systems. These test procedures are required to
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select the proper carrier frequency, to determine existing electrical noise condi-

tions, line impedances, and to determine the effects that various line transformers

may have on the carrier and modulated signals. Such tests are required for each

individual system installation to effectively custom fit the carrier frequency to

each system. This is necessary since no two electrical power distribution systems

are affected equally by the variety of conditions and interference levels found at

each installation. Furthermore, the placement of blocking capacitors must be

defined relative to their physical installation and their electrical position in each

system. This requires a thorough study of the electrical schematics for the power

distribution system.

Another major part of this type of system includes centralized computer control.

A system of this type might be intended for several thousand users. Therefore, the

capabilities of this communications system and the type and size of the computer

and its peripheral units will become an important factor in final system design and

complexity. Generally the computer system will have a CRT for operator control, 4

a hard disc for data base collection and a line printer for report and message hard

copy. Other communications devices can be added to provide data links to other

computers. For example, when a system such as this has a dual purpose of warning

as well as meter reading, etc., a communications link to a central billing computer

would aid in automating this process.

At the meter Itself, the warning device most easily implemented is an electrically

driven horn that Is activated and deactivated by the proper contact closer of the

meter. The output power level of a horn used in this application is a nominal

100 db at six feet. This level would normally be sufficient to alert Individuals

inside a house as well as in the Immediate area since the meter unit is attached to

the house. A variety of other warning methods could be implemented; i.e., Inside

lights, horn, buzzer, etc. In either case, the method used for warning Is merely

dependent upon the cost/benefits of installation and the eventual maintenance

costs of such a system. Here the utility may f Ind that a warning device Installed at

the meter may be adequate for warning and would simplify the testing and main-

tenance of such units as compared to Internally (In-house) Installed warning

devices.
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NOTE

The DIDS system as described in Section 7.0 will be modified based upon data

recently received on the Mobil Low Frequency Warning System.

I.



7.0 DIDS DESCRIPTION

DIDS is defined as the Decision Information Distribution System. This system is

explained in two reports: "National Warning System Analysis," May 15, 1974, and

"Evaluation of Alternative Warning Configurations," April 30, 1976. The DIDS
system as described in this Section will be modified based upon data recently

received on the Mobil Low Frequency Warning System.

The DIDS system is a radio tone alert/voice type of warning and communications

system funded by what was then (circa 1970's) Defense Civil Preparedness Agency

(DCPA). Separate locations were planned for control of the system, and for loca-

tion of the transmitters.

Operationally, a control center area in Olney, Maryland known as the National 3
Warning Center (N3WC) was established. Two modes of operation, termed auto-

matic and semiautomatic or ad-1ib, were defined. In the automatic mode, one of

several recorded voice messages for printer devices (punched paper tape) could be

transmitted to several or all receiver locations. Ad-lib allowed for voice messages

not recorded to be transmitted.

Ten transmitter site locations for the system were planned, operating on 10 differ-

ent frequencies in the frequency band from 163-197kHz. The first transmitter site

in operation was located in Edgewood, Maryland with 50kw of output power. This

gave a radio coverage area extending from Maryland in all directions, as shown in

Figure 1.

The connection from the control center at N3WC (Olney, Maryland) to the trans-

mitter at Edgewood, Maryland was by leased land telephone line. In case of prob-

lems in this area, a provision was made to use the military communications net-

work, AUTOVON and also to allow for remote control of the transmitter by the

National Weather Service Forecast Office (NWS) in Suitland, Maryland. In either

case (N3WC or NWS), a coding system for the transmitted signal via the control

33

L
I



MAIN'VT

KEYR

LOWE IU4E - AREA COVER7.2

OHIO 7.3FIGURE!

IND AM

wV 2 ,3 1w 3 14J .11



center in Olney allowed for the capability of selective activation of radio receivers
in the system. This selection was implemented by an address coding system for
each receiver to respond to specific transmitted signals.

The receivers for the DIDS system were specially designed to operate as radio

receivers for alerting individuals and for controlling the turn-on/turn-off of sirens

or small siren systems.

In actual operation, a receiver intended for alerting an individual would operate in
effect as if in a standby condition, i.e., the receiver, although powered on elec-

tricity did not output any sound or signal until its specific address was transmitted.

Once the receiver address was transmitted, a voice or other type of message could
be sent to all activated receivers. A turn-off signal was also transmitted to termi-

nate a message. This type of turn-onlturn-off operation also applies to printer
units and to receiver controllers of individual sirens. In the latter case, the

receiver is only required to provide a relay contact closer as an output instead of a

voice message.

In practice, receivers where voice output is given are intended for use during the
various disaster conditions to alert key officials (governors, mayor, police, disaster

service agencies, etc.), large institutions, wire services, and other key personnel

and agencies.

DIDS receivers were not originally intended for direct warning of the general popu-
lation, since this would require the special radios designed for the system. Distri-

bution and manufacture of such radios, would require a large monetary expense

that is greater than present agency funding capabilities. Other problems such as
testing and maintenance of such an unprecedented program are not addressed in

this report or any of the other referenced reports.

4 - 7.01 DIDS USAGE

Various disaster scenarios addressed here, for which DIDS might be used, include

nuclear attack, natural disaster or nuclear power plant emergencies. For nuclear
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attacks, this system would seem well designed for rapid dissemination of warning

to key personnel and institutions since the control is directly associated with

various military communication networks. In fact the system is designed for this
(I rapid type of response. For the natural disaster scenario, the DIDS systems may be

effective where the initial disaster warning originated with the National Weather

Service. In other natural disasters, the system response would probably be longer

than desired, since the nature of the disaster cannot be determined and therefore

the initial reporting person or agency is not likely to be reasonably familiar with

the DIDS system.

In those areas where nuclear power plant problems occur, initially, the problem is

very localized (i.e., 10 mile radius) and current regulations require the capability to

be able to immediately warn local, state, and federal officials as well as the local

population. As it currently exists, the DIDS system has the kind of capabilities

required such as individual alerting, institutional alerting and selective control of

such alert/warning capability. However, the control of the DIDS system for such

purposes would have to be decided on an individual basis and possibly may serve as

a back-up system for this condition, rather than a primary warning system.
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8.0 NAWAS

NAWAS (National Warning System) is a major part of the National Civil Defense

Warning System and allows for warning and emergency messages to be given toI FEMA regional areas and to statewide areas. NAWAS is a dedicated telephone

system leased from American Telephone and Telegraph (AT&T) and the Bell sys-

tem, as well as private telephone companies. AT&T provided that portion which

connects the various warning points with the other telephone companies. NAWAS

is, effectively, a large party line type of telephone system with approximately

2,200 stations or terminations.

There are two national warning centers, one in Colorado and the other in Maryland.

These centers control 10 regional centers distributed throughout the U.S. These

regional centers, in turn, control state centers and local warning points. In addi-

tion, several NOAA weather stations have access to NAWAS.

When NAWAS is not being used for emergencies or tests, the state and local

government locations may use the system for official business.

Operationally, the national, regional, and state centers and the on-line NOAA

stations have the capability to alert local stations of an emergency. AU NAWAS

communications are oral, however, tone signals are also transmitted. These signals

are used to activate various switching devices which then establish the circuit

configuration.

Each state has its state warning point on a regional circuit. Most state warning

points are manned on a 24-hour basis and located at state police headquarters,

state highway patrol headquarters, or a similar facility that provides 24-hour

coverage.

In a number of states, NAWAS Is supplemented by networks of computer terminals.

These networks are usually operated by the state police, highway patrol, or the
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department of justice. These networks often have their control points located in

the same facilities as the state warning point. Upon receipt of a warning message

from one of the National Warning Centers via NAWAS, the warning information is

manually entered into the computer network and, once entered, is automatically
relayed to all points on the network.

Warning information is disseminated from NAWAS warning points to state, county,

and local governments; institutions such as schools and hospitals; large businesses

and industries; and radio and television stations. The general public is warned by

The application of NAWAS for localized warning as applied to nuclear power plants

is complicated by various factors. It would be difficult to adopt NAWAS for the

warning of the local population within 15 minutes in a small area, as required the

by NRC. Since NAWAS is a voice telephone system to various central points, the

time required for these points to warn the general population would require another

type of warning system to ensure that the message was received. For this reason,

further details on NAWAS will be included only where NAWAS can easily be used as

part of a smaller warning system.
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J 9.0 ENCODER/DECODERS

Encoders and decoders can be considered as (1) encoder: a device that provides a

code to another device, (2) decoder: a device which detects the code. The code

has a meaning which is then used to activate a device. This then is effectivelya
command to take some action. This action can be that of activating a siren, a tone

decoders intended for discussion here are those electronic devices used in various

warning and communications systems. These devices are usually solid state elec-
tronic devices. The encoder feeds its output (coded signal) to the transmitter

which in turn transmits (either by radio or by wire) this coded signal. The receiver

then takes this transmitted signal and processes (demodulates) it where the code is
removed from the transmitted carrier. The code is then further processed by the

decoder which can convert the code to a usefuil output. There are a series of other

steps involved in such processes such as signal conditioning, level conversion, inter-

faces to other devices, etc., but these need not be identified here.

Note that encoders/decoders can be termed as those devices that are- necessary to

make a system:;

9 Secure from being decoded or understood by nonusers
* Immune, or nearly so, from false activation

In the process of accomplishing the above, encoders and decoders become more

complex. For example, the number of bits or tones in a code can almost be

considered as proportional to the degree of security from decoding as well as from

false activation. Furthermore, the greater number of bits per code determines the

degree of probability for a duplicate code existing elsewhere. As the number of

* bits Increases, the probability of another similar code decreases.

* For example, consider that a simple combination lock Is purchased, and there are

only two numbers (from 0 to 9 for each digit) for the combination. This means that

there are 99 different combinations possible (100 if 00 Is used) for this lock. Con-
sidering then that If 1,000 locks are sold, then there are many duplicate combina-
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tions. (The lock is the encoder and the user the decoder.) This analogy can be
applied to the encoder/decoder used with various warning systems. The trans-

mitters for many warning systems operate on the police, fire, or local government

frequencies. These frequencies are used throughout the United States, Canada,
Mexico, etc. Certain frequencies (mostly low band) have a skip distance associated

with their operation, especially at night, caused by various atmospheric conditions

where it is not uncommon for a receiver in New York State to easily hear the
transmitter signals in Arizona. Note that normal coverage for the transmitter is

approximately 30-40 miles radius. Consider the use of a very simple encoder for
activating a warning system in one of these areas. Then the possibility for false

activation of one of these systems is increased greatly.

The examples of the transmitter and encoder/decoder types given in the two previ-

ous paragraphs are meant to illustrate the importance of proper selection of

encoders and decoders for warning systems. These paragraphs simplify the prob-

lem. Other considerations are required in selecting an encoder/decoder system.
These factors include:

0 Transmitter interference/reliability

* System size

* Number of functions required (group, individual or various combina-
tions of activation)

* User convenience

* Security requirements

Transmitter interference that can be expected is niot easily predetermined when

new frequency licenses are granted. As a result, the amount of interference Is niot

always controllable. What is controllable Is the method of encoding which has a

direct affect on system reliability. When Interference is possible, the code selec-
A tion and encoder/decoder capabilities must be considered. Since system size deter-

mines the number of units that must be activated, the next determination that

must be made is how many units must be capable of being activated Individually

.7 and when activated, how many different functions must be performed. If each uit
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requires an individual address, and there are 30 units, then the address portion of

the encoder must have 30 different combinations. In binary arithmetic, this trans-

lates to five bits or five different tones. Then assume each unit must be activated
(turned on), perform these functions (e.g., a siren: fire, attack, and nuclear warning

sounds), and be deactivated (turned off). This constitutes five functions or at least
three additional binary bits or tone combinations. Note that the code is now eight

bits long.

The actual manner of implementing such codes varies from one manufacturer to

another. An example of the encoder/decoder scheme used by Whelen Engineering,

a siren manufacturer, is given in Appendix C. This appendix is from a brochure on

the Whelen 800 Series Warning Siren Activation and Control System and is also
typical of those for other siren manufacturers.
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SLIST OF ABBREVIATIONS

ampee - mps(abbr.); a unit of electrical current or rate of flow of electrons

autmatc tleponedialer - Units capable of dialing many numbers in sequence
and eriyin anwerngplaying a recorded message, or redialing the number if it

bandwidth - The range within the limits of a band

beeper - Radio paging unit, a small receiver capable of emitting a sound alert

decibels - dB (abbr.); a logarithmic scale used in rating sound strength

dB(A) - An adjusted measurement of sound strength which gives more weight to

frequencies to which the human ear is most sensitive

dBC - Rated sound output in decibels at 100 feet

DIDS - Decision Information Distribution System

directional -Wave radiation which is concentrated in a given direction

dual-tone - A tone having two pitches

EPZ - Emergency Planning Zone

4 FEMA - Federal Emergency Management Agency
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frequency - The number of times per second that an alternating current or an

analog signal passes through a complete cycle

hertz - Hz (abbr.); a unit of frequency equal to one cycle per second

modulated power lines - A method of communication by modulation of the power

line carrier; usually intended for purposes such as automatic electric power

MTBF - Mean Time Between Failures

NAWAS - National Warning System

NOAA - National Oceanic and Atmospheric Administration

NOAA radio - Up-to-date weather report service given by the National Weather

Service branch of NOAA which is broadcast for pickup by special radio receivers

NRC - Nuclear Regulatory Commission

omni-directional - Not favoring any one direction

output power level - The measurement of the strength of sound waves emitted by

a siren

pitch - That attribute of auditory sensation by which sounds may be ordered on a

scale from low to high (e.g., the musical scale)

port - A place of access to a system or circuit

RF - radio frequency

RPM - Revolutions per minute

'43



single-tone - A tone of only one pitch or frequency

siren - A hardware unit capable of emitting an attention getting sound over a

large area; sirens are either electromechanical or electronic and can operate as

either directional or omni-directional

solid-state - Pertaining to circuits and components made from semiconductor

material, e.g., transistor, integrated circuit

tone - A sound wave capable of exciting an auditory sensation having pitch

tone alert radio - A type of radio receiver which can be radio-activated in order

to broadcast warning/emergency messages

VAC - Voltage alternating current

VDC - Voltage direct current

iL
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APPENDIX A.

This appendix consists of a listing of technical specifications for each siren by their

descending output power levels. They have been categorized by the four manufac-

turers. They include the following:

A.C.A. Alerting Communications of America

Hurricane
Allertor
Alertronic 4000
Alertronic 5000
Penetrator 10
Penetrator 50
Cyclone
Howler
Super Banshee
Banshee
Screamer S-10
Screamer S-7.5
Screamer 5-5
Screamer S-2.5

Federal Signal Corporation

Thunderbolt IOOOA, IOOOB, IOOOAT and IOOOBT
SiraTone EOWS*812
SiraTone EOWS*612
Thunderbolt 1003A, 1003B
500A
SiraTone EOWS*408
STHIOA, STHIOB, STLIOA and STLIOB
3T22A/3T22B
SiraTone EOWS*!15
5A/5B
2

Sentry Siren, Inc.
IOV2T/IOV2T-3S
joY
MI0/M5
5V
3V8

Whelen Engineering

WS-2000-109
WS-2000-112
WS-2000-R
WS-2500
WS-3000 A-I
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NELfZM 800 SEIZS SIREN ACTrVATXC AND CONROL SYSEM

Me Whelen 800 Series Warning Siren Activation and Control System
is designed utilizing dual-tone multi.frequency signaling (D2WF). The
control equipment consists of the Whelen Model 1-801-8 Encoder and
Whelen' Modl D-802-8 Decoder. (Figures 1 & 2)

Utili ing DW signaling, each coupment of an address code is

represented by two tones; a high tone and a low tone produced simultan-
eously. Encoded transmissions can be sent via voice grade telephone

line or via radio carrier. Unlike digital signaling, MN signaling
via radio transtission is highly resistant to atmospheric Interference
and is very reliable in a single transmission.

The Wbelon 800 Series Warning Siren Activation and Control System

controls are designed to accoodate a data format (address code) eight
digits In length. The eight digit code is divided Into three components;
the area code (3 digits), the address code (4 digits) and the comand
code (1 digit).

Feature Benefits

Dual-To e Nul ti-Frequency Signaling:-Securi ty against false activation.
-Highly reliable signaling method

for radio transmission.

Eight Digit Address Code: -- Extensive system capacity.
-he selection of I group of

10,000,000 stations or 1,000 groups
of 10,000 stations possible. Other
combinations or groups are possible.

Transmssion Rate: -The 800 series DTNF message Is on and
off the air within 460 milli-seconds,
permi tting use on systm with

existing traffic.

Command Capabilities: -- Tvelve comands and functions are
possible with the 803 Series r-oder

and Decoder.

User Pr4ogrmming: -The 800 Series Encoding units are
capable of different levels of user

• prograaling, permitting low cost user
system modifications and unit field

replacement.

All Call: -Group activation and total system
activation Is passible as well as
individual siren activation.

• C-1



SYSTEN DESCLRZPTZON

Signaling:

Dual-tone Nulti-frequency signaling is utilized. Transmissions
can be sent via voice grade telephone lines or a radio carrier. Trans-
mission rates of 7.14 to 16.6 digits per second my be used. Each
digit in the signaling is represented by a high tone and a low tone
selected from a 2 of 7 formst as represented in Figure 3. For example;
the digit 1 would be represented by a high tone of 1209 Hz and a low
tone of 697 z.

607 HZ 1 -L

LOW 770 HZ

FREQUENCYI

GROUP
842 HZ

041 HZ 0 L-~
1200 HZ. 1330 HZ 1477 HZ

HIGH FRQUENCY GROUP

FIGURE 3
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Data Fozmint:

The address cvo Is eight digits In length (Figure 4). Digits 0
through 9 and the symbol& * and 0 can be-sent. The first three digits
represent the &Iea codes the next four digits are the address code of
the Individual siren and the remining digit Is the command code, which
can activate up to twelve functions.

.DDDDDDDD

AREA-CODE JADDRESS j

FIGURE 4

Transmission:

Bach digit of the eight digit address Is sent for 40 milli-seconds,
with a separation of 20 mIll-sconds between digits. 2W&s transmission
Is represented In Figure 5. both the high tone and low tone representing
ench digit must be detected simultaneously for a minimam of l8 milli-
seconds before the decoder will accept then, as representing on* digit of
the code. Both tones must then clear prior to the transmnission and
reception of the next digit. Since each digit Is transmitted for 40 milli-
seconds and recognition requires only 18 milli-seconds within *jabh digit's
transmission, It Is unlikely that RP Interference could disable the
encoded asage.

System Design and Control:

With an area code of three digits'(1000 area codes) and an address
code of four digits, the following grouping of systems Is possible:
See Pigure 6.

On the Model 8-801-8 Nncoder, the area code Is pre-programsd
Internally. The four digit address codi Is thuub- wheel selectable,
although any digit of the address code my be programeod Internally,
providing sub-operators In a group with only limited access to the
systeM.

C-3
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a 1000 GROUPS OF 1O
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a 10 GROUPS OF 1000
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An wall calln feature is possible for any of the four digits
presented in the address code. This feature is possible by using a
substitute number(s) in the address code.

Address code assignment is generally determined by plotting a
system by area, radii, quadrants and sectors (See Figures 7, 8 and 9).
The example shown in Figures 7, 8 and 9 depicts a geographical area
assigned the area code 203. This area is divided up into six radii
which are divided into four quadrants that are further segmented into
four sectors each. Zn each sub-area shown, a maximum of ten sirens
can be placed. The access code of 203-1363 is activating the third
siren in radius six of sector three in quadrant I of area 203.

Substitute Nrumber:

Group Call or All Call of units in an area or a sub-group is pos-
sible by the use of a substitute number in the address code, represented
by a # symbol. For example: If all sirens in radius six, sector three
in quadrant one are to be activated In area 203, the address code would
be represented as 203-1360. For activation of all the sirens in sector
three In quadrant 1, an access code of 203-1300 would be used. If all
the sirens in radius six are desired to be activated, an access code of
203-#69 would be sent.

Signal Security:

The area code for a system is hard wired and not thumb-wheel
selectable. The area code is designed not to accept a substitute
number. An area code will be assigned only once within a frequency's
maximum area or propogation. All Call will still be available in the
address code for all sirens assigned to an area, but the activation of
a system by the repetitive use of a substitute number for seven digits
will not be possible. Any other activation of the system will occur
only when the exact eight digit code is transmitted in a precise time
frm. Th method for signal detection and acceptance or rejection is
detailed further in the Nodel P-802-8 Decoder description.

I 5
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MODEL 1-801-8 ENCODER

Description:

The Model 1-801-8 is capable of accessing up to ten million indi-
vidual locations or stations. It can control up to twelve functions at
each location. Using dual-tone multi-frequency (DMWF) coding, a single
transmission mode can be used with high reliability and security. (See
Figure 10) Twelve numbers can be utilized for each digit transmitted.
Voice grade telephone lines or radio carrier are normally used for
transmission to Model D-802-8 Decoders at remote stations.

The Encoder transmits eight digits in serial format. The first
three digits represent the area code assigned to that geographical area
that all the remote stations are located in. Each remote station is
assigned a four digit address code which must be received in its proper
sequence. For example; if the Decoder was assigned the address code of
1363, the first digit, the number 1, must be transmitted first, then the
3, then the 6 and then the 3. Other remote stations will reject that
address as invalid. The last digit transmitted by the Encoder is the
command function. This last digit controls the equipment at the remote
station. Any number from 0 to 9 and * my be used and assigned a par-
ticular function. The normal assignments are: (See Figure 1)

1--Wail 7--Rotate to North
2--Attack 8--Rotate to East
3--Alert 9--Rotate to South
4-PA 0--Rotate to West
5--Air Morn (Increment CCW)+ *-Reset (CLR)
6--RI/LO (Increment CW)+

+Incrementing 450 in the clockwise and counter-clockwise is an available
option that replaces Air Horn and Hi/Lo functions.

The Model 8-901-8 Encoder has a data rate of 7.14 to 16.6 digits
per second. The dual tones are transmitted for 40 milli-seconds with an
Inter-digit time of 20 milli-seonds for a total of 60 milli-seconds per
digit. At this rate, 460 milli-seconds is required to access a remote
station. The Encoder has a delaying circuit that activates the trans-
mitter, permitting the transmitter and receiver to stabilize before
receiving the eight digit access code. This delay is adjustable in the
encoder and must be added to the signal time to determine the total time
required to transmit one comsnd signal.

To allow activation of groups of remote stations, an "all call"
number, normally the 0 sign, Is used. This "" sign can be substituted
for any or all numbers in the four digit address code. The address is
selected by means of up to four thumb-wheel switches on the Encoder.
The quantity of thumb-wheel switches is dependent upon the accessing
capability desired for an individual encoder. Each switch has eleven
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positions, 0 to 11, with position 11 used for the "I sign. If all
four switches were placed in 11-12-22-11, all remote stations in that
encoder's area code would respond to that address. Zf the switches
were set up for 1-3-6-11, only those stations that had the first three
numbers of the address would respond. If the switches were set up for
1-11-6-a, any station that had a 1 for the first digit and a 6 for the
third digit of the address would respond. Other stations located else-
where in the system would not respond because their programming was
different.

Figures 10 and 11 show the encoder with microphone, tape recorder
Jack, power cord and control cable. The encoder has an off/on switch
with indicator and operates from 115 VAC. The address selector is in
the upper right corner. The Encoder will transmit these digits as the
fourth, fifth, sixth and seventh digits sent unless *all" has -been
pressed, which causes four 0"s to be sent. In small systema, the first
two address digits may be permanently selected by jumpers, as 0 or other
digits so that only the third and fourth digits need be selected. The
three digit area code is hard wired internally and will not be field
programmable.

The two rows of five push buttons set up the coma'nd digits 1
through 9 and 0. These are usually labeled with their functions rather
than numbers. The LED indicator above the pressed button flashes until
the encoder is reset.

The pre-check button causes a modification of the third digit of
the area code to a pre-determined number. The eight digit code is trans-
a' ad with the modified area code and is received by the system status
map (optional). The pre-check button is a momntary button and remains
in effect only for the time it is depressed by the operator. The dual
tones for the last digit will remain on the air as long as the pre-check
button is depressed. When the status map receives the modified eight
digit code, it will accept the modified code and display the remote
station or stations addressed by the operator for activation and confirm
the selection. The remote stations will reject the modified area code
as invalid and not activate. When the pre-check button is released, the
last digit's dual tones are dropped off the air, the status map resets
And the area code is restored.

The send button causes the area code, the address code and the
comuand code chosen to be sent. This function activates the selected
siren units and causes the selected command function to be activated.

The reset button causes reset of the encoder. The all button
causes the 0 digit to be substituted for all four address digits. The
clear button causes the * to be sent as a command digit, thus resetting
the addressed remote unit(s).

IC-O



Installation:

The power requirement of the model E-801-8 Encoder is approxi-
mately 10 watts at 115 VAC, 60 Hz. The unit is equipped with a power
cord which may be plugged into a standard outlet. Two sets of relay
contacts are available to permit transmitter warmup before tone trans-
mission begins. These are relays K3 and K4, each of which has a wiper,
NO and NC pins. Relay X4 is normally connected to the transmitter
causing it to be brought out of standby into transmit rode. Relay K3
my be used to activate a sub-carrier tone so that receivers other than
those in the siren system will squelch the DTNF tones. Normally, the
relay K4 contacts are available on the terminal strip.

The output cable has two floating leads, containing audio or tone
signals, which should be connected to the transmitter audio input. The
shield is connected to chassis ground. The audio leads are capacitor
coupled and further isolated by a set of relay K3 contacts when the
encoder is not in its transmit sequence. In order to provide proper
decoding of DTNF tones, the tone level adjust, potentiometer R21, must
be set so that 50% modulation is achieved during tone transmission.
This my be set up by using a suitable RF receiver and adjusting for a
deviation of 2.5 Kfz.

The microphone connector has three contacts, one ground, one
control and one signal. The control contact is used by the microphone
switch and activates the transmitter and signal path. The audio level
control, potentiometer R29, should be set to achieve 80% modulation.

The tape connector also has three similar input contacts. These
can be connected to tape recorder audio control jacks. The tape level
control, potentiometer R30, should be adjusted to achieve 80% modulation
of tape recorded audio messages. When the tape is also used to input
DTWF code tones, they must be recorded 6 dB lower in order to achieve
50% modulation during tone transmission.

C-14
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Figure 12 shows a block diagram of the encoder. The principal
circuits are described below.

The address selectors are thumbt-wheel switches which connect
the "A" pins to the decimal buss. They can code the decimal values
1, 2, 3, 4, 5, 6, 7, 8, 9, 0 and # (substitute number) onto the buss
for the fourth, fifth, sixth and seventh digits transmitted.

The keyboard provides for operator selection of the eighth
(command) transmitted digit. Pressing a digit key starts the scan
oscillator which Interrogates each key until it finds the one pressed.
The associated LED then flashes to indicate the function selected. The
digits 1, 2, 3, 4, 5, 6, 7, 0, 9, 0 and * (decoder reset) can be gene-
rated and are strobed onto the buss as the eighth digit. In addition,
the keyboard can reset the encoder, provide the all call option and pre-
check the coding on the status display map.

The scan oscillator and controller starts a 4 bit binary scan of
the keyboard. The binary words are con-verted to decimal and the key-
board Is Interrogated until the button pressed Is found. The scan
oscillator Is then stopped so that the binary representation of the
selected digit Is available. When the eighth digit Is called for, a
binary to decimal decoder strobes the digit onto the decimal buss.

The keyboard scanner consists of four flip-flops which count down
In an inverted binary sequence to generate all possible 4 bit binary
combinations under control of clock pulses from the scan oscillator.
A binary to decimal converter raises each keyboard digit line until the
one pressed Is found.* The scanner then stops and holds the binary value.

The start circuit responds to the pressing of pre-check or send
keys by starting the delay and tone rate timers, removing power from the
keyboard buss to prevent another command digit from being Introduced and
energizing the transmitter control relays.

The sequencers and timers provide for a warmup period for the
transmitter and control the tone lengths and inter-digit times. After
the warm up period, the timers drive a sequencer which sequentially
drives eight lines to the digit control logic, each line controlling
the transmission of a digit. If pre-chock was selected, then the sequencer
holds on to the eighth digit until the pre-check button Is released.
After transmission of the eighth digit, a last digit reset line resets the
timers and sends a signal to the reset circuits.

The digit control logic provides for two options for each of the
first seven digits. E ither the four address pins are sequentially
brought low or-the all call digit, 00, can be selected. In addition,
Jumper programming can provide for fixed digit transmtission as the first

C-13



two address digits. The pre-check circuit controls which digit is sent
as the third digit of the area code. The eighth digit is always the one
on the binary buss, selected on the key board and decoded by the binary
to decimal converter when strobed.

The pre-check control stops the sequencer on the eighth digit and
enables area code third digit modification when the pre-check key is
depressed.

The tone generator produces the appropriate DTMF tones in response
to the digit present on the decimal buss using a diode matrix coder.
Tones representing the digits 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, a and # are
generated in a 2-of-7 format as shown in Figure 3.

The relay controls provide for activation of the transmitter by
the start circuit, microphone or tape switches. In addition, they acti-
vate the microphone or tape audio circuits when microphone or tape switches
are closed. The send light is also lit by this circuit.

The output circuits consist of two amplifiers for boosting the DTMF,
microphone or tape signals and potentiometers for controlling each. The
audio output is transformer matched and capacitlor isolated to provide
floating audio leads to the transmitter.

The reset circuit provides for reset of the encoder during power on
or when reset is pressed. In addition, two automatic reset functions,
coimnd or all, my be programmed to occur when the tone transmission is
complete. The reset circuit also controls the flash circuit for the digit
button lamps.

The power supply provides for 12 VVC regulated to the circuits from
115 VAC, 50 Nz input. An off/on switch is provided with an on indicator
lamp.

i I
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MODEL -01-8 EMCODER SPECIFICATIONS

Electrical Input:

Power 115 VAC, 60 Hz, low
Microphone Gnd, signal, switch control
Tape Recorder Gns, signal, switch control

Electrical Output:

DTMF Tone Audio level adjustable
10/20 digits/second

Audio Audio level adjustable

Control:

Relay NO/NC c-ontacts

Coding:

Transmission DThF 2-of-7 formt, 8 digits

EnvIromntal:

Operating Temperature -300C to +850C
Storage -600C to +1000C
Eundity 0 to 95%, non-condensing

Dimensions lo" X 10" X 6"
Weight 4 lbs.

~C-15f
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MODEL D-802-8 DECODER

The Melen Model V-802-8 Tone Decoder was deslgned for the remote
control of a siren unit. Signal Integrity, reliability and security
against false activation were priorities taken Into consideration In
the design of this equipment. The D-802-8 Decoder may be used to centrol
a siren In a small system or a siren In a system of thousands of sirens.

Eight digits or numbers are used to address the decoder. rhe
first seven digits are used for the *address* and the eighth cr last
digit Is used as a commnd signal to provide control of the remote siren.
The eight digit code Is divided Into three groups. Figure 13.

The first throe digits, group 1, are used for an area cide. Up
to 2,000 area codes can be provided. The next four digits, group 2, are
used as the address code. rhe four digit address ccde permits selection
of up to 10,000 different sirens. The eighth digit, group 3, is used to
control the siren. W*Yvlew different command functions can be used.

Each decoder Is assigned an area code and an address code. The
erea code Is assigned to a conplete system, while the Individual sJren is
assigned Its own address code. Area codes can be assigned to different
system throughout the country, thus preventing duplication of address
numbers on the am frequencies, preventing false activation of the siren.
By assigning area codes to different regions of the country, and with
transmitters on different frequencies, the probability of false activation
of a siren is very low. rhe area code and address code on the D-802-8
decoder can be re-programmid In the field If the change Is desired. The
decoder will only respond to'its own address. When the first number of
the area code Is received, it Is detected and compared to the first
number programed In the decoder. Zf the first number compares to the
program, the decoder will accept It and wait for the second number of the
area code to arrive. zf the first number does not compers with the
number programed in the decoder, It Is rejected along with the remainder
cf the area code and address code. Figure 14 depicts a typical address
number of a decoder. The area code is assigned the number 203 and the
address Is 1501.

The first digit that the decoder receives mest be a 2 followed by
a 0 and then a 3 and then by the address code 1501. As each number or
digit is received by the decoder, It Is compared to its respective
number programmed in the decoder. Te area code and address code mist
compare, otherwise the entire address Is rejected as an Invalid signal.
The decoder will not set up for a command digit unless a valid address
is received. This provides for high secrity of the system.

C-17



SIREN 12 03 150 0
SIREN 2 2 0 3 1 5 0 I

SIREN 3 2 0 3 1 5 0 2

SIREN 4 2 0 3 1 5 0 3

SIREN 5 2 0 3 1 5 0 4

SIREN 6 2 0 3 I 5 0 5

SIREN 7 2 0 3 1 5 0 6

SIREN 8 2 0 3 1 5 0 7

SIREN 9 2 0 3 5 0 8
[IEloI 2 0 3 I 5 0 9
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FIGURE 15
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The decoder is very flexible in its application. It can control
a single siren or groups of sirens. By using a substitute number in
the address, various groups can be selected. This substitute number
is the D" siqn. It can be substituted for any or all numbers in the
address code. The area code must be dialed exactly. The area code
will not respond to a substitute number; thus the following groups can
be selected&

1,000 different area codes
1,000 groups of 10 sirens

100 groups of 100 sirens
10 groups of 1,000 sirens

1 group of 10,000 sirens

An example in using the substitute number in a small system,
consisting of ten sirens, is shown in Figure 15. The area code is
assigned the number 203.

The first three numbers of the address are 2, S and 0. The fourth
number of the address is from O-0j 0 for siren 01 and 9 for siren #10.
Each siren has its own address code. The first three numbers of the
address code are the sam with the exception of the last digit being
from 0-9. When the substitute "#" is used for the last number, all sirens
will respond to the comand signal given. Thus, in this system of ten
sirens, any one of ten sirens or all ten sirens can be controlled by a
single command from the central control station.

The Nodel D-802-8 Decoder was designed using high-speed dual-tone
multi-frequency (DTNF) signals. These signals consist of seven tones in
the audio range from 697 Hz to 1477 Ez (Figure 16).

Four tones are in the low band and three are in the hiqh band.
Unlike using two tones sequential signaling, where a single tone is
received for a pre-determind period of tim and then followed by a
second tone, DTWF receives two tones simultaneously. Each tone is trans-
mitted for 40 milli-seconds with 20 milli-seconds between tones. 460
milli-seconds is required to transit the eight digit address and commmnd
tone. Figure 17.

When the PMWF signal arrives at the input of the decoder, the
signal is processed before being decoded. The two simultaneously
arriving tones are separated by two band pass filters into the low band
frequencies 697 Es to 941 Us and into the high band frequenies 1209 Hlz

to 1633 Rs. These band pass filters reject any Interference from a dial
tone being transmitted or from a private line signal that my be used.
The output of each band pass filter is further procesed by a level
detector and a hard driven amplifier providing ACC. The output of the
hard driven amplifiers is a square wave with a constant amplitude.

'1
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Although incoming signals vary in level, the output of the hard driven
amplifier remains constant. The outputs of the hard driven amplifiers
are fed to two control gates before being decoded. These two control
gates are controlled by the envelope detector. Nany filters exhibit a
ringing characteristic at their outputs. rhis reduces the speed of
operation. The envelope detector consists of two sample and hold
circuits and a comparator. The envelope detector input is connected to
the output of the low band filter. When a tone Is received at the output
of the filter, it is rectified and the peak signal is stored by the
sample and hold circuits and then fed to the comparator. The compara-
tor in turn enables the control gates feeding the tone decoder. The
tones are being decoded as long as the gates are enabled. When the tone
to the low band filter is removed, the output slowlV decays, due to the
ringing characteristic of the filter. When the output reaches one half
of its former amplitude, the comparator will disable the control gates.
The tones are decoded by 8 passive tuned circuits, four in the low band
of frequencies and four in the high band of frequencles. Figure 18
shows a block diagram of the input processing and decoder circuit.

When a digit is received, a number I for example, this Is made up
of two frequencies; 697 Hz for the low tone and 1209 Hs for the high tone.
The low tone, 697 Hz, is decoded by the low band decoder, producing an
output of a constant level. This is rectivied and filtered and fed to a
level detector. The output of the decoder is a sine wave of a fixed
amplitude. The threshold of the level detector Is set to respond from
peak level to -3 dR below peak. If the signal Is of poor prade and does
not obtain the level required, no output is produced. The high tone,
1209 Es, is also simultaneously being detected. The output of each level
detector Is Oft gated together to reproduce the number I that wes trans-
mitted. Both tones must be present to obtain the number 1. By using
seven tones, four in the low band of frequencies and three In the high
band of frequencies, twelve numbers can be produced, always using one low
tone and one high tone.

Both tones for each digit in the address =at be present for a
minimum of 18 milli-seconds before a valid tone is accepted. An output
from the low group of frequencies and an output from the high group of
frequencies Is AND gated together. The AND gates produce an output if
Ooth low and high tones are present for 18 milli-second. At the end of
18 milli-seconda, a strobe pulse is produced. The data In stored at that
point only. Either the low or high tone can be partially or totally
destroyed and still receive a valid signal. The digit is being transmit-
ted by the encoder for 40 mlle-seconds. If one or both tones is destroyed
during the first 20 milli-seconds, 20 mlli-saconds Is left to provide a
valid signal. Once a valid signal is produced, no following signal can
be received until both the low and high tones clear. This clearing occurs
as the Inter-digit tim of 20 milli-seconds.
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DECODER ADDRESS:

The decoder must be pro grammned with the correct area code and
address so that proper access can be obtained. High security is
obtained because each of the seven digits used for the area code and
address code must arrive in the order they were transmitted. Using
the area and address code in Figure 14, the first digit to be re-
ceived Is a 2, followed by a 0 and a 3 and then by the address code
of 1501. A sequencing counter Is used that advances one bit with each
digit received. When the digit 2 is received, It Is compared with the
number 2 programmed in the decoder. If the digit being received is a
2, this will advance the sequence counter one bit, preparing It to
receive the second digit. The next digit to be received is a 0. This
is compared to the second digit programmned In the decoder, which Is
also a 0. If the second digit compares, this will advance the sequence
counter one more bit. If a wrong numb~er is received, the sequence
counter is reset to its beginning and the remaining Incoming digits will
be rejected. Each digit is being compared with its associated number
programmed in the decoder and must compare or be rejected at any point
In the address. If a correct area and address code Is transmitted, the
sequence counter will advance until the eighth digit Is received. The
Information contained In the last or eighth digit Is stored to control
the siren. Each digit Is transmitted for 60 milli-seconds, 40 milli-
seconds tone duration with 20 milli-seconds inter-digit time. The diqrits
that follow must arrive within 100 mi.li-seconds or be rejected. This
time period is only used when the decoder is operated with Whelen Model
D-801-8 Encoder. For manual operation, this period must be extended.

TIMER:

Incorporated In the decoder Is a timer that Is activated when a
valid commuand signal Is received. This timer is normally set for three
minutes. Longer periods can be used, depending upon the syst em needs.
Once a cowmnd output Is activated, the timer will deactivate that output
at the end of three minutes. The timer is automatically reset when a
clear signal Is received by the decoder.

The timer controls can be pro grammed for four time periods In
addition to the 3-minute timer. These can be programmed In the field
with jumper pins. Those times arey 5, 10, 30 and 90 second time periods.
These timing periods can be varied to suit a particular system. Any or
all comnd signals can be pro gramrmed except the clear comaund, which Is
factory set.
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OUTPUT CONTROL:

Twelve outputs are provided by the decoder. These are open col-
lector NPN transistors that can sink 50 ma of current to ground. axi-
mum voltage on the output should be under 50 volts. One of the outputs
is used by the decoder as a clear signal. The collectors of two or more
transistors can be connected in parallel to control the same coiaand
function, allowing the selection of different time-out periods.

AUDIO INPUT:

The tone decoder will operate over a 35 dB input range of voltage:
-25dB minimum to a +10dB maximum. For optimum operation, a -lOdB to a
OdD range is required. The audio input should be adjusted for this level.
A signal greater than +1OdB will over-load the input of the decoder and
a signal less than -25dB would be insufficient to operate the decoder.
In normal operation, no adjustment is required for the decoder.

RADIO APPLICATION:

A -10dB to OdB signal is needed for the radio to operate the decoder
and also to provide for PA. This audio level will vary, depending upon
the percentage of modulation of the transmitter. Most FM or AN trans-
mitters have circuitry to prevent over-modulation. There are limiter or
clipper circuits that amy cause distortion of the 0TH? signals. To pre-
vent this, the encoder signal feeding the transmitter should be set to
produce no more than 502 modulation. Audio levels for PA use can be at
full 100% modulation.

SECURZTY S A TSLS ACTIVATION:

Precautions a gains. false activation of the siren have been incor-
porated into the design of the D-802-8 Decoder. False activation can be
caused by operating on a voice channel, atmospheric conditions, propaga-
tion, several users sharing the ame channel, human error. Some of the
features that guard against false activation in the D-802-8 Decoder are:

1. Two tones must be received simultaneously; DTWF decoding.
2. Both tones must be present for a minimum of 18 milli-seconds

for acceptance of each digit in the encoded message.
3. 3 digit area code.
4. 4 digit address code.
5. 100 milli-econda between tones, maximum.
6. Digits zecelved must be in proper sequence and compare with

the area code and address code programmed in the decoder, or
be rejeced.

7. Timer. In event of accidental activation by human error, the
siren will tim out automatically and shut down.
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MODEL D-802-8 TONE DECODER SPECIFICATIONS

ELECTRICAL:

Input Format:

Receive Audio 30MV to 3V RNS each tone
Signal Level: 30MV to 3V RIS each tone
CTCSS Rejection: 40dB @ 400 Hz
Impedance: 600 ohms, DC Blocked
Frequency Acceptance: +1 .5% of Nominal Tone Frequency
Tone Level Differential (Twist): 12dB if the lesser tone is

over 30MV
Data Rate: .4 to 20 DPS set at factory for

16.6 DPS
Code Capacity: 3 digit area code

4 digit address code
Field programmable
Fixed length

Inter-digit Interval: 100 mlli-seconds nominal
2.5 second optional

Output Format:

Latched: I of 12, timer controlled
Timar: 1 adjustable, 3 minutes maximum

4 programmable; 5 sec., 10 sec.,
30 sec., 90 sec.

Rating: 50 ma 0 50 Volts DC maximum
Circuits: Open collector transistors referenced

to negative supply voltage. Transis-
tors conduct as long as timer is
operative or until reset command is
received.

Power Requirements:

Voltage: 16 to 30 VDC
Current: 70 ma

ENVIRO1AENTAL:

Temperature:

Operating: -35 0 C to +85 0 C
Storage: -650C to +1000C
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PEYSZCAL:

Dmnslons: 12.5" X 7 X 3"

V.Ight: 2. 5 Iha.
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Appendix D

This Appendix Is reprinted here for Information only. It Is part
of a dlocument entitled Acoustic Noise Measurements by
BrOel A IKise, January 1970 and Is reprinted with their
permission.



2. THE PHYSICAL PROPERTIES OF NOISE

2.1. VIBRATIONS AND WAVES

Acoustic Noise is usually defined as unwanted sound; an undesirable by-
product of society's normal day-to-day activities. In physical terms, sound is
the mechanical vibration of a gaseous, liquid or solid elastic medium through
which energy is transferred away from the source by progressive sound
waves. Whenever an object moves or vibrates, a small proportion of the en-
ergy involved is lost to the surrounding medium as sound.

Let us consider a small particle of the medium, large enough to be repres-
entative of its physical properties, but small in relation to typical dimensions
of the acoustic disturbance e.g. its wavelength.

If such a particle is displaced from. its equilibrium position, it strikes its
neighbour and thus causes that to move a similar small distance while re-
bounding itself. This neighbouring particle now strikes the next and so on.
propagating the disturbance through the medium by successive oscillations of
neighbouring elastic particles. None of these are transferred along with the
wave; it is only the energy of the disturbance that is transmitted. The parti-
cles themselves oscillate for only an infinitesimal distance about their equilib-
rium positions along the direction of propagation of the sound wave, as
shown in Fig. 2.1.

Undmurbed Pmitml
Maxim Amikudt

Fig. 2. 1. Motion of a particle during a single cycle

The time taken for the motion to be transferred between successive parti-
cles, and therefore the velocity of propagation of the disturbance, depends on
the medium's elasticity according to the following equation
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where k is a constant
E is the modulus of elasticity of the medium
P is the density of the medium

For air, under normal conditions, the medium with which we will be almost
exclusively concerned. this velocity is approximately 344 r/s at 200C.

aWW mnin wIt voM d c

Vinrecing POinim

a) Ohirtien of POlnur M.m n X

"MOL." Misr. Ampl. I-A,) c $ pud ofmiut

b) X*~*o LTite X _

Fig.2. 2. The transformation of vibrations into waves
aW By a vibrating pointer on a moving band
b) By & vibrating piston in a ftid medim

Fig.2.2b demonstrates what happens to the air along the path of propaga-
tion in an open-ended tube with a sinusoidally vibrating piston at one end. As
the~pso moves into the tube, the air is locally mp eeed andftheoomnpre-
Won is propagated alon the tube at the speed of sound. After half the oscila-
tIon, the Piston is about to move In the opposite direction, thus rarefyng the
sir and propagating a rarefaction along the tube. Thus a presaure wave is
transmitte at the same frequency and with the same characleristc wave-
form as the vibration of the piston which produced It. The speed of sound in
sir being fixed, the wavelength is defined only by the time Interve l betwae
successive4 compressions, which is set in turn by the frequency of the dkstu-
bance.
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Therefore. A- CT C

Where A is the wavelength
T is the time between successive compressions
c is the speed of sound in air
f is the frequency of the disturbance

A reference nomra•mr relating wevelength to frequency for the speed of
sound under normal conditions is plttd in Fig.2.3.

20 10 s 2 1 OA 42 .1 to
I............ ....-.. '.. . .... ...... ,.. .I . ''! Y .'.

10 20 so too 20 M INS MID MN

Fig. 2.3. Wavelength in air versus frequency under normal conditiona

We are dealing here with the simplest of all radiated waves, the plane, pro-
gressive wave, so called because it propagatso may from the source in one
direction only, the wavefronts always remaining parallel to each other. Be-
cause it cannot spread out into the medium, the only attenuation which is
experienced is that due to transmission loas and dispersion caused by turb-
ulence and temperature gradients within the medium itseff. Although the
magnitude of a sound wave can be determined in a number of different
ways, it is usually more convenient to measure acoustic pressure rther than
parameters such as particle displacement or velocity which are extremely diffi-
cult to measure in practice. Them parameers are normally only required
when measurements are to be made very close to the source in its near field.
The particle velocity here Is not nocesasrily in the direction of travel of the
wave, and the sound pressure may vary appreciably at short intervle alog
the direction of propagation. Under these conditions the acoustic intonsly is
not simply related to the mean square of the sound pressure. In the far field.
however, this relationship is true, and, because sound pressure level is an
easy parameter to measure in practice, it has become the most common way
of expressing the magnitude of an acoustic field.
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2.2. SOUND POWER. ENERGY DENSITY AND INTENSITY

Sound Power

Any source of noise has a characteristic sound power, a basic measure of
its acoustic output, but the sound pressure levels it gives rise to depend on
many external factors, which include the distance and orientation of the re-
ceiver, the temperature and velocity gradients in the medium, and the envir-
onment. Sound power on the other hand is a fundamental physical property
of the source alone, and is therefore an important absolute parameter which
is widely used for rating and comparing sound sources.

Sound-ony Density

The acoustic energy contained in a unit volume of the medium is a funda-
mental parameter of any type of acoustic field. It is termed the energy density
and is related to the acoustic pressure by the following equation

Energy Density D = RIM
pC

2

In tensit

The intensity, the acoustic energy flowing through unit area in the sound
field (perpendicular to the direction of propagation of the wave if the field is
not diffuse), in unit time, is different for various types of acoustic field.

For a free field in which the sound wave arrives only from the direction of the
source

I :p2 rnm

PC

For a diffuse field, such as occurs in an ideal reverberant room, in which
there is equal probability of sound arriving from any direction, the net inten-
sity is zero. However, the intensity of sound passing through a plane of unit
area from one side only is

4pe

Pc is called the characteristic acoustic impeance of the medium, which for
air at 200C is 407 rayds (Kg m-2 mc-i)
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2.3. THE PLANE SOURCE

Consider (see Fig. 2.4.) an elemental tube of the medium, with unit cross-
sectional area and a length equal to the distance travelled by the sound wave
in one second. iLe. numerically the speed of sound fc). If a piston source of
power W is constrained by hard walls to radiate all its power into the elemen-
tal tube to produce a plane wave, the tube will contain a quantity of energy
numerically equal to the power output of the source. Assuming no other
losses, the intensity. i.e. the acoustic energy flowing through unit area any-
where alon the tube in unit time, is independent of the distance from the
source and numerically equal to its sound power. Apert from duct system,
plane waves and plane sources are rarely encountered in normal noise meas-
urement situations.

a-

Fi.2.4. Acouti RadirAte kwe an Wwrinnb tibe

2.4. THU POIT 91111M

Sound souroes osw -e covisidered as Point sourcee if thei dimeneions wre
smel in rolao~n to' 0 o disuse from the rcewer. and meny common noise
soures. '- Pu enAmwW -. @Norel. and nddidal rood vehicls can
nermelly be oane n Oft vM. As shww in Fig.2.5 the ideal point source
can be vonsIde is preduse a series of spheriInal efrcna resulting fromn

sucesiv disluehmrnss a Uhe point source. Fer a pure sinusoidal diesan-
bec. h dieies belwoon wwafro o oaendn Urnth succesase pea

preesures wil of aore be Urn w wein. sleeatf which is kinwru when
coiedaring Urn efts of 0eflcis-e widen the soud ftl. As shown- In
Fig. 2.6.. the sound energ sprod eI equally in all directins so that s It
travoe furthr and fursur kern the source Ins enegy is receied on an ee
larger eph0los ars. N U th Mium is assumed to be nI-~sp t" e
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Point,

Fig. 2. 5. The propagation of spherical wave fronts fromn a point source
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2.5. THE UNE SOURCE

Arm 2A ArM3A "Priij

Fig. 2.7. The dispersion of sound from a line source

A line source may be continuous radiation, such as from a pipe carrying a
turbulent fluid, or may be composed of a large number of point sources so
closely spaced that their emissions may be considered as emanating continu-
ously from a notional line connecting them. In this category are included
such factory sources as closely-spaced machines and conveyors, and two ax-
tremely important sources of environmental noise, namely roods and rail-
ways. A road which has a traffic flow high enough to be a noise nuisance
can usually be considered as a line source rather than a succession of single
events. Railways are often treated as line sources at the distances from the
track which are usually the most important from the point of view of commu-
nity annoyance. Very close to or very far from the track, the field is rather
more complex. Consider the diagram in Fig. 2.7. of part of an infinite line
source which has a constant power per unit length. The wavefront spreeds
out from the line in only one dimension perpendicular to its direction of
travel, so that any two points at the same distance from the line are on the
same wave front and have the same properties. The wevefronts therefore
form concentric cylindrical surfaces about the line source as oifs. The energy
released from a unit length of the source in unit time passe through the
same length of cylindrical surface at all radii. The intensity at a given radius
is therefore the power emitted by this elemont, divided by the ares of the cyl-
indrical elemental surface. Thus:

W
2xrx I

The intensity is therefore inversely proportional to the distance from the
source i.e. it attenuates 3 d per doubling of distance.
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2.6. PROPAGATION OF SOUND IN AIR

In addition to the reduction in intensity by distance, discussed in the previ-
ous sections, there are many other factors which can significantly affect the
propagation of sound in a real medium like the atmosphere. Velocity and tem-
perature gradients alter the direction of the wave, turbulence distorts it, and
viscosity causes absorption. This latter effect is far greater for high than for
low frequencies, so the atmosphere tends to act as a low pass filter, attenuat-
ing high frequencies, and thus distorting the frequency spectrum of a noise,
as well as reducing its strength and changing its propagation path. In addi-
tion, most measurements are made near ground level where people live and
work and where noise is invariably received and, with the notable exception
of aircraft noise, produced. For this reason the reflection and absorption of
the ground under the path between source and receiver is very important,
and must be taken into account as a matter of course whenever studying the
transmission of outdoor noise.

2.7. THE EFFECTS OF WIND

The atmosphere is in a state of continuous motion over the Earth's surface
and is also a real fluid with all the normal physical properties including viscos-
ity. Because the air is viscous the velocity of molecules at the ground must
be zero and a boundary layer is formed near the surface, in which the wind
speed gradually increases with height until the speed of the main air mass is
attained. This region may be as much as several hundred meters thick so it
can, and does, affect measurements made of most noise sources. When a
sound wave impinges on a layer of air which has a different speed, the
wave's direction of travel changes, as represented by the sound "rays" and
vector constructions in Fig.2.9. This happens because the speed of sound de-
pends only upon the medium in which it is propagated, so any movement of
that medium must necessarily impose a similar movement on the sound
wove as mn from the ground. If it has a component in the same direction as
the wind, the ray representing the direction of propagation is therefore re-
fracted towards the intface between the two different velocity regions when
entering that with the higher speed, or away from the Inar when em -
ing a region of lower speed. The offects ar simply reversed if the direction of
sound propagation is opposit to that of the wind. Although the Imer atmos-
phere is not a seres of discArt g lyers with fixed voloots. bt a transition
region in which the velocity changes continuously wih aklude, it cn be
seen from this simple approach how the sound rays will be coninuouly re-
fracted as they progress through the bowdary lamyr.

The overal effec as for as a stetonery oboseN on the ground is con-
Cried. s to bond dw downwnd soud rays beck owa-do the Earh and
bend the upwind rays sway from It as shown in Fig. 2.10. A region of noise
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Downwind Upwind Wind

Proagation Propagation Velocity 1U)

N N Boundarv

So ~ No Wind

U is the wind velocty
C is te velocity ot the wigina sound jay
Cl is the velocit of tho ray in the nm o layer 712

Fig. 2.9. Sound propagation across a boundary between layers with different
velocities

reinforcement is therefore formed downwind of the source and a sound
'shadow'. a region of reduced intensity, occurs on its upwind side. Reftion
effects can only occur because there is a wind gradient. i.e. because the
wind speed varies with altitude, and are not the result of sound being con-
vected along by the wind. The magnitudes of change in sound intensity
which can be attributed to this phenomenon are dependent only on the rates
of change of wind speed with altitude. Attenuations in the shadow region
may be as high as 30dB but the increases which are due to reinforcement
downwind of the source are usually rather less.

-Wind Dire-ion ~ peV (h)

h

Fig. 2. 10. Sound refraction in a boundary lafer
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2.8. TEMPERATURE GRADIENTS

I. *b C

a) Nong LO awm
b) Tempaamar Inian

) SoWi "Cumenr" 7721

Fig. 2. 11. Typical atmospheric temperature gradients

The velocity of sound in air increases with temperature, and in a normal at-
mosphere the temperature itself decreases with height as in Fig. 2.1 I(). A
rising sound ray, on entering a layer with a lower temperature, undergoes a
reduction in propagation velocity and is refracted away from the interface be-
tween the two layers. The result is that, in the abee-ce of wind, the rays ae
continuously bent away from the ground surface as shown in Fig. 2.12(a)
and a shadow region is formed beginning at a distance from the source
which depends on the strength of the temperature gradient. As with wind gra-
dients, the effects of temperature gradients are made less distinct by the inho-
mogeneity of the atmosphere in its normal state, with turbulence and locl
heat exchange scattering sound into the shadow regions.

Sometimes, however, the temperature gradient near the ground is positive.
i.e. the temperature increases with height up to a point where it reverts to
the normal lapse rate as in Fig.2.1 1(b). This situation is called a temperature
inversion and leads to effects opposite to those de ribed above for a normal
lapse rate. A sound ray becomes refracted downamrds towwrds the ground as
it progresses through the warmer layer of air, reinforces the sound field at
surface level around the source, and, as Fig.2.12(b) shmwe. no shadow re-
gion will be formed.

A double temperature gradient such as that in Fig.2.1 1(c) is rarely encoun-
tered, but can trap slightly-Inclined sound waves in the inversion layer and
channel them over considerable distances with only low attenuation.
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Det *ng Tem.peratur Inc easing Temprature

Stadow Region Source Shadow Region Source

Fig. 2.12. Refraction of sound in an atmosphere with
a) a normal lapse rate
b) an inverted lapse rate

2.9. HUMIDITY AND PRECIPITATION

The absorption of sound in air varies with frequency, humidity and tempera-
ture in an extremely complicated fashion; the only general trend being that it
is higher at high frequencies, and shows a tendency to increase with temper-
ature but decrease at higher relative humidities. If it is imperative to include
these effects when carrying out research into distant noise sources. the cur-
rent literature on the subject, and the available tables which contain the rela-
tionships between all the relewent parameters, should be consulted. The oft-
mentioned ability of sound to "carry" in fog or light precipitation of any kind
is not due to any changed physical property of the medium which is condu-
cive to better propagation. Reduced human activity and still air conditions of-
ten combine to produce a lower than normal background noise level during
them periods.

2.10. ABSORPTION BY NATURAL FEATURES

If the ground surface below a sound wave is perfectly flat and reflecting,
the wave would propagate without any excess attenuation over that attribut-
able to the spreading of the acoustic energy throughout an ever increasing vo-
lume. Even a man-made herd surface such as concrete is not perfectly reflect-
ing, however, and most natural ground cover has significant absorption. This
causes a significant reduction in intensity, which is most marked when
source or receiver, or both, are near the ground and relatively distant. As
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would be expected, the attenuation is greater for high frequencies than for
lower ones and depends to a large extent on the effective "roughness" of the
surface, i.e. the ratio between the wavelength and the dimensions of the irre-
gularities of the ground. The values are, therefore, low for ordinary grass-
land, but may rise to as much as 20 dB per 100 metres for long grass, corn
or low shrubs and trees.

2.11. REFLECTION

Fig. 2. 13. Reflections from a plane surface

When sound waves come in contact with a surface, part of the energy is
reflected from it, part is transmitted through it and rst is absorbed by it. The
instantaneous sound oressure at any point in the fieeJ is therefore due to the
direct radiation from the source, and the sound arriving indirectly after one or
more reflections from the surfaces, where a part of its energy, however
small, is absorbed. If absorption and transmission are low, and theaflore
most of the sound energy incident on the surface is reflectad, it is said to be
acoustically hard, and can be considered to reflect sound in much the same
way as a mirror reflects light. The ray reflected from a flat rigid surface then
takes up the position as shown in Fig. 2.13 and the sound ray and wew
fronts can be considead as coming from the image. The reflected we
fronts and those arriving directly from the source reinforce or cancel each
other where they cross, giving rise to problems when making nobes measure-
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ments in the presence of reflecting surfaces such as hard ground, roads, and
building facades

The effect of curved surfaces, parallel flat surfaces, and corners, on the
sound field, is shown diagrammatically in Fig. 2.14, If the reflecting surface
is curved then the rays will be focused when the surface is concave, and dis-
persed when convex. A ray entering a right angled corner will be reflected
from it, after two reflections, back along a path different from, but parallel to,
its incoming one. Parallel surfaces cause two important effects. Firstly, the

formation of standing waves, which occur at frequencies such that an inte-
gral number of half wavelengths occur between the two surfaces, leading to
a very large variation in sound pressure from node to antinode. The second ef-
fect, flutter echo, is caused by the continuous and regular reflection of a
pulse from parallel surfaces with low absorption. These phenomena are unde-
sirable in architectural acoustics (concert halls, lecture rooms etc.) and in
acoustic testing chambers, where uniformity of the sound field is generally re-
quired.

Convex Surface

Return ray from

Fig. 2. f 4. Reflections from surfaces of various shape

In any enclosed sound field there will be a region near the noise source in
which its dimensions have an important effect, a region further away in
which it is the direct sound which is dominant, and beyond this a region dom-

inated by the reverberant sound. which builds up by continual reflection until
the energy produced by the source is just balanced by the energy absorbed bythe room surfaces, and an equilibrium state is reached. These regions are
shown in Fig. 2.15. The "near field" is usually avoided in making noise meas-
urements because simple relationships between the sound intensity and
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Fig. 2. 15. Sound pressure variation in a room, with variability indicated (F.M.
Wiener)

other physical parameters, such as pressure and particle displacement, do
not exist there. Measurements are usually only made here when detailed in-
formation about the radiation characteristics of the source are required for
research and development purposes in the laboratory. The "far field" consists
of two parts, the free field, where sound. as the term suggests, behaves as if
in the open air, without reflecting surfaces to interfere with its propagation,
and the reverberant field, which is dominated by reflections and therefore oc-
curs in most enclosures. A diffuse field: i.e. one in which a large number of
reflected waves from all directions combine so that the average energy den-
sity is the same throughout the field, is desirable for sound power measure-
ments and for determining the sound insulation properties of materials. Re-
verberant rooms used for these measurements are often constructed as in
Fig.2.1 6 with highly-reflecting non-parallel walls, or provided with diffusers
in order to achieve a suitably diffuse field.

Sound ltha

Fig. 2. 16. A reverberant room designed to obtain a diffuse field

D-i



2.12. ABSORPTION

Whenever a sound wave meets a surface, some small amount of its energy
is lost. The absorption of a surface is a function of many parameters, includ-
ing its effective roughness, its porosity, its flexibility, and in some cases its
resonant properties. The efficiency of an aisorbing surface is expressed as a
number between zero and 1, called the absorption coefficient. Zero repres-
ents no absorption, i.e. perfect reflection, which is never encountered in prac-
tice, and 1 represents perfect absorption. Most mechanisms of absorption are
frequency dependent, so the spectrum of the noise concerned has to be
known to judge its effect, both in rooms and in the open air. Absorption tech-
niques really come into their own with regard to Architectural Acoustics and
the control of reverberation and diffusion in halls, rooms and offices. Absor-
bent materials can, however, be put to good use to reduce overall levels in
noisy factories, and to provide acceptable conditions near particularly noisy
machinery by reducing reflected noise from adjacent hard surfaces.

2.13. DIFFRACTION

Wm wo fm. poas m Ue awfo

Cammnud -e frls ,,

Fig. 2.17. Huygen's method of wavefront conetruction

When a sound wave encounters an obstacle which is small in relation to
its wavelength, the wave passes round it limos as if it did not exist. forming
very little shadow. But, if the frequency of the sound is sufficiently high and
the wavelength is therefore suffieiently short. a noticeabe shadow is hMe.
These phenomena can be explained by first Introducing Nuyen-s mwthod of
wawefront construction, which toes that a source may be considered sa an
infinite number of point sources covering Its surface, and rediating in all di-
rections. At an instant In time, each point emits sound wvm ad thes
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combine to form an overall wavefront as in Fig. 2.17. Similarly, each point
on a wave front can be considered as a new sound source, so the next posi-
tion of the wave front can be constructed from the last. Extending this con-.
capt to the two cases of Fig. 2.18(a) and 18(b) we can -ea what h-ppens
when the wave fronts from a distant source impinge on the edge of, or an op-
ening in, an otherwise infinite well.

Orgmnai vms fronw Nnw ha s
uoond mn fmns Wmd m W IV

from P iWaMu fom poin P as

fooo, f,.x.. .ito

0) bi

Now wm fronts from P
-pW out CiVlmdrkilyV n,,I

Fig. 2.18. Effects of diffraction at low frequencies

In the case of the situation in Fig.2.18(a) the wall edge can be considered
as a source of secondary wavelets radiating away from it in all directions ac-
cording to Huygen's principle. These secondary wavelets combine to form
wavefronts which spread out cylindrically in the quadrant behind the well, in
the so-called shadow region. For the second case the opening becomes, in ef-
fect, a new point source of sound, radiating hemispherically into the space
beyond the wall, but with a lower intensity (depending on the sine of the op-
ening) then the incident sound.

A large ratio of wavelength to obstacle size causes the diffraction pamn
asshown in Fig.2.181s) and 2.18(b). A small value leads to the formation of a
more distinct shadow behind a barrier, Filg.2.1(a), or a beam of sound
through an opening as shown in Fg.2.1 9(b). The gretst sa ation behind
a barrier occurs If the angle between the ray from the sorc to the bawer
top, and the line from there to the receiver, is N small s posle. Practi-
cally, this means that the berrier should be as near as possible to eie the
source or the recivar for greatest effec. When ting meeumans of
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noise sources in the field, unobstructed situations are always to be preferred
unless the barrier effect is of direct interest.
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Fig. 2.19. Effects of diffraction at high frequencies

2.14. SCALES FOR NOISE - THE DECIBEL

Propagation through any elastic medium takes place in the form of a wave.
and the most important quantity characterising its magnitude is its root mean
square amplitude, Arms. Suitable units and scales for expressing this value
must now be considered. Normally, the sound pressure rather than the inten-
ity of a sound field is the parameter used. expresed as force per unit area
in units of dynes per square centimeter (bar) in the CGS system or in units of.
newtons per square meter (Pascals) in the S.I. system. As the Pascal has
now been internationally adopted as the unit of pressure, it will be used ex-
clusively throughout this book.

The nor method of measuring pressure on a linear scale unfortunately
gives rise to certain problems when relaeod to the performance of the human
er. The quietes sound at 1000Hz which can be heard by the average per-

son has been found to be about 20 ulsecais and this value has been stander-
dised s the nominal hearing threshold for the purpose of sound level mos-
uremoes. At the other end of the scale the threshold of pein occurs at a
sound pressure of appromimmasty 100 Pascale. a ratio of more than a million
to . The dirct application of linear sales to the measurement of sound pro-
sure would thiere lInd to tho uwe of enormous and unwieldy numbers.
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Additionally, the ear responds not linearly but logarithmically to stimulus.
For these reasons it has been found more practical to express acoustic par-
ameters as a logarithmic ratio of the measured value to a standard value.
This reduces the numbers to manageable proportions and the resulting unit,
called the Bel (after Alexander Graham Bell) is defined as the logarithm to
the base ten of the ratio of two acoustical powers, or intensities. But, this
unit was found in practice to be rather too large, and a unit of one tenth of a
Set, the decibel, is now in general use. As the acoustic intensity, the power
passing through a unit area in space, is proportional in the far field to the
square of the sound pressure. a convenient scale for acoustic measurements
can be defined as

Sound Pressure Level Lp= 1Iogo ) 20/oge (1

where p is the sound pressure being measured. p, is the reference sound
pressure, usually 20uPa. and the word level is added to sound pressure as
an indication that the quantity has a certain level above some predefined ref-
erence value.

Any measurement may be expressed in decibels, whatever its units, as
long as the absolute reference value for the unit used in the logarithmic ratio
is quoted. Use of the decibel scale thus reduces a dynamic range of sound
pressures of a million to 1 to a more manageable range of sound pressure le-
vels of only 0 to 120, zero indicating the reference minimum threshold and
120 the approximate threshold of pain. This is far more convenient and es-
sier to deal with as the values lie within a range easily conceived by the lay-
man and one unit, i.e., 1 decibel is about the smallest value of significance.
The illustrated graph of Fig.2.20 shows many well-known sounds appropri-
ately placed with regard to the sound pressure level at which they are nor-
mally heard and their major frequencies.

Acoustic Power is also usually measured in decibels because of the enor-
mous range of powers encountered in typical noise problems. The power le-
vel is defined as ten times the logarithm to the base ten of the ratio of the
source power to the reference power, usually taken as 10- 1 2 watt, mathe-
matically this becomes

Sound Power Level LW - tOio -- 12)

where W is the power emitted

and W, is the reference power (10- 12 wan).
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The approximate power outputs of a range of a few regularly encountered
noise sources are indicated in Fig. 2.21. This demonstrates well the prob-
lems of magnitude and dynamic range which are always involved when mak-
ing noise and acoustic measurements.
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Fig. 2.2 1. Sound Power output of some tyopial noise sources

De" wkh Decibels

The following short table shows the subjective effect of changs in noise Ie-

CHANGE IN LEVEL SUBJECTIVE EFFCT
dO

Several important facts must always be borne in mind when dealin with
decibe quantities, but it these are fully understood than their use anid manlp-
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ulation should cause no more problems than the more familiar linearly ex-
pressed quantities. Zero decibel level does not mean an absence of noise, it
merely implies that the level in question is equal to the reference level. One
of the most important concepts which must be grasped firmly by newcomers
to noise measurement is that, because of the logarithmic units, normal addi-
tion and subtraction cannot be used directly on decibel quantities. Two sound
sources, each producing a sound pressure level of 60dB when measured in
the absence of the other, will not produce 120dB when both are emitting at
the same time. To arrive at the correct level one must consider the two in-
stantaneous sound pressures from the two sources at a point in space. If
these two individual pressures are Pt (t) and p 2(t), then the total pressure is

Pit) M= P: It) + P() 2

and the mean square sound pressure, the time average of p2,t) is

ptot ;f f MI) + p 2 tl] 2 dt

therefore Ptot -P2 + 2pip2 + P2 (3)

where a bar over the term denotes a time-averaged quantity. In most cases
of independent noise sources we can assume that they are not coherent and
therefore that significant interference of one wave font by another does not
occur, so that the time average cross-term represented by P IP2 is zero

then P2 tot 2 2

but P1 - P2

therefore P2 tot -

so if we have two similar sources then we have doubled the mean square
premr. and from equation (1) we have

SPL - 1klo-o(2 1)

- W o(G±) + 10kglo 2

-0 AO/oa 1o ep , 2 +3

A-
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i.e. New SPL = old SPI. + 3 do

Doubling the number of sources therefore raises'the sound pressure level by
3 do. a further doubling to four times the number raises it by 6 dB, and so
on.

3

1!1.5

"015

0 2 4 10 12 14

Diffefm betmf tm noin levl. dS(A) M

Fig. 2.22. Noise level addition chart

The addition of sound pressures of different levels and fromi many differeunt
sources can be carried out by first reducing the measured values to actual
pressures, combining these to find the effective man square and then taking
the logarithm, as described in some detail in appenix 0. A simple graph for
the case of two sources only is shown in Fig. 2.22 in terms of a correction
which is to be added to the highest of the two lvsdpendingan their dif-
ference. This may als be used to estimate the combined affect of more then
two sources by summing them two at a time. If the assumption that sources
of equal intenisity are uncorrelated is not made, then the term pip 2 is not no-
cesearily zero and positions of reinfoment and cancellation will occur. in
the extreme case of constructive interference between two tne of thes same
frequency.

PI -P2
Therefore PIP2-PI 2

and equation (3) becomes p-';; - WI

so the leve will rise by 6 dB
For destructive Interference P1 -u
and in this cms equation (3) becomes
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so the level will fall, theoretically, by d. In practice of course the regions of
reinforcement will be a little less than 6dB and the regions of cancellation
will certainly not fall by more than 20 or 30dB at the very most. It is recom-
mended that appendix B is studied at this point in order to gain experience on
the manipulation of quantities expressed in decibels. The ability to think
clearly and effectively in terms of decibels is invaluable to the understanding
of most of the Standards and the techniques involved in acoustics and noise
measurement.

2.15. CHARACTERISTICS OF NOISE SIGNALS

All sound signals are cheractersed by certain basic physical parameters
which are relatively simple for fixed amplitude and frequency signals but be-
come increasingly complicated if the frequencies and amplitudes vary with
time. Perhaps the simplest form of sound wave, with a sinusoidally varying
amplitude and constant frequency. (a pure tone) is shown in Fig. 2.23. The
time history repeats itself exactly with a repetition period T curtesps idi0y to
the generating frequency f, and possesses the fundamental characteristics
which apply to all types of signals. Phase is of little importance in the analy-
sis of individual noise signals, which are usually composed of many fre-
quency components combined in random phase. However, it is a useful con-
cpt in considering reflecting or absorbing surfaces, standing waves, and the
vibration of structures, where the phase difference between many signals is
particularly important.

T

fig. 2.23. Shisoial signa showing various measure of signa amplitude

The ampkude of a sinusd may be esprmed by any of the quantities
shown In the dka and all m sinply reatd to each ote In the am of

D-24
D,.2



this particular simple signal. The root mean square (r.m.s.) value of any sig-
nal is proportional to its energy content and is therefore one of the most im-
portant and most often used measures of amplitude. It is defined

Arms T 0jf2(t) dt

Where T is the relevant time period over which the averaging takes place
and a is the instantaneous amplitude

Other measures of amplitude are

Ajveeage = jaf -dt

and A,.i which is the maximum amplitude reached by the signal in the
repetition period.

For anj signal, a measure of its wave shape can be indicated by two fac-
tors

Crest Factor F. r

Form Factor F, A,.

For a sinusoid only these values are simply related as follows.

A =22Aawerege - 2 A,..k

so that Fea 1,4141- 3dSJ
and Ff a 1, 1&1dS)

Unfortunatealy moat sounds are not sinusoid and more often tha not vaey
beth in amplitude and freqiuency content with time. SOmpl mathematcal rale
tkionshal- bewen , A -i I ap Sd Aps do not am for ths owm
plm signals but 901retan their imptenom s fP ilioof the allpu The
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measurements, especially when dealing with shocks, impulsive noise, and
short events, it is an extremely important factor.

A signal typical of those encountered in practice is shown in Fig. 2.24(d)
and clearly it cannot be described by the three simple quantities, the maxi-
mum amplitude, frequency, and, where relevant, the phase, because it is com-
posed of more than one frequency. The signal may be viewed as a combine-
tion, however complex, of a large number of superimposed sinusoids, the con-
cept of Fourier Analysis. A pure sine wave contains one frequency and can
therefore be represented in the frequency domain as a single line as in
Fig. 2.24(a). If we were to add two sine waves, one being 3 times the fre-
quency of the other, we would obtain the distorted wave of Fig. b, which is
represented in the frequency domain by two lines. Analysis of a far more
complex but still periodic function, such as the square wave of Fig. c, yields
an infinite number of lines in the frequency domain at the odd harmonics of
the repetition frequency of the signal. The spectra of all the functions men-
tioned so far have been harmonically related discrete lines and are therefore
termed periodic, as they repeat themselves exactly at regular and predictable
intervals. Most practical noise is non-periodic, however, and contains a large
pumber of frequency components which are not harmonically related, form-
ing a continuous spectrum as in Fig. d. A special case of the non-periodic sig-
ol is white noise, which has a completely flat spectrum and is of particular
importance in both theory and practice.

The internal combustion engine is a typical source which produces periodic
noise containing many harmonics of its rotational speed. However, the noise
from a vehicles tyres at high speed and that from falling water are non-peri-
odic; both have a continuous and almost flat spectrum. In practice the major-
ity of noise consists of a mixture of both types of signal.

The process of signal analysis is of vital importance in every branch of
noise measurement, analysis and control. On one hand the frequency con-
tent of a noise affects its perceived loudness, and therefore the annoyance to
which it gives rise, and also the amount of speech masking. On the other
hand. the provision of an adequate acoustic environment and the reduction of
noise at source or during transmission, demand a knowledge of both the
source spectrum and the properties of frequency-dependent insulating and ab-
sorbing materials. This information is necessary for effective design and can
only be obtained from a frequency analysis. For a fuller discussion of these
techniques please refer to the companion publication "Application of Groel &
Kim equipment to Frequency Analysis".

D-26



Tim Functiam Frequenc Spectra

Frequency

b)

n, 0.5

T

Tim ~ S*

di

Fig. 2.24. Sound sign&ig and thei sectta
a) Pure MuirWad (ainipt and pet/cd/cl C) eqate WOve (cOoile but pIr/cd/c
bi cormbineatin of twe uinuede d) reWndn noike fConlptaend ndn-Perod

D-27



I." IA r 21
5 A c

~~~ 'S E'E~~ -a o I.

_ * _ -a 6 4&

> u>

QI 0
00 E 0.XE

Wl 4b 4a %0.

A0 40 4.

c 2 ...CEA
c 40-

< S

u 5 w 6 1 & o 2 2
E 4M110  I 9

as 0> i&"0 ad 16 > wo

I>~l
I-.,-

u

Nt N

u *1



1)'AT -l

ILME


